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Synthetic dyes were introduced into Japanese woodblock prints and textiles in the second half 
of the nineteenth century (from the end of the Edo period into the new Meiji era, 1868-1912), 
following the opening in 1859 of the port of Yokohama to unrestricted foreign trade. This was 
precisely the time of the great wave of invention in the newly developing coal tar dyes that 
swept through Europe following William Perkin’s discovery of mauve in 1856.  
The bright colors of many Meiji woodblock prints 
have been routinely dismissed on aesthetic grounds as 
“harsh” and “garish,” qualities ascribed to “cheap 
imported aniline dyes.” Such hasty subjective 
judgments have been made in the absence of any 
studies, historical or scientific, that seek to identify the 
(often multiple) components of particular colors, to 
trace the complex and changing histories of color use, 
to investigate trade patterns in dyes and pigments, and 
above all, to chart the ways in which the printers 
themselves constantly experimented and innovated in 
response to the challenges of the new dyes.  
In this study we analyzed a large number of prints, 
primarily by surface-enhanced Raman spectroscopy 
(SERS). The work we have done on late Edo and early 
Meiji prints shows that prior assumptions are crude 
and often inaccurate: the Meiji prints that we have 
examined indicate that Japanese craftsmen adapted 
quickly to the new materials and used them in 
combination with traditional colorants in skillful and revealing ways. 
Purple shades seem to have been the first point-of-entry of synthetic dyes into prints ca 1864-
65. The dyes used were the arylmethane dyes magenta (mixed with Prussian blue) and methyl
violet, not surprisingly, the most important synthetic dyes in the West at the time. More 
surprisingly, starting in the 1870s, cochineal appears for the first time in Japanese prints. Used 
alone at first it seems to have replaced the native dye safflower. In the 1880s eosine is often 
found alone, as a bright pink, or printed over cochineal, to create darker red shades.  
What remain to be explored is the intersection of material history and cultural meanings: did 
the availability of purple dyes create the provocative uses of those colors in early Meiji, or 
was there some inner need for a hue previously limited by sumptuary edicts? 
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Listening to Artists’ Pigments: Application of 
Photoacoustic Infrared Spectroscopy in the Forensic 
Identification of Selected Inorganic and Organic Artists' 
Pigments 
Ian Butler (1) 
(1) Dept. of Chemistry, McGill University, Canada 
The photoacoustic (PAS) effect was first reported by Alexander Graham Bell in 1881 [1], but 
its application as a useful infrared spectroscopic technique was only really developed by 
Rosencwaig at Bell Laboratories in the U.S.A. almost 100 years later [2]. Infrared radiation is 
absorbed by the surface of a sample, which subsequently results in heating of the gas 
surrounding the sample and generating a thermal-expansion driven pressurization that can be 
detected as an acoustic signal by a sensitive microphone. This is a non-destructive technique 
that requires no sample preparation. We have recently been using photoacoustic infrared 
(PAIR) spectroscopy in the analysis of various inorganic and organic artists’ pigments. The 
resulting infrared spectra have proved to be useful in pigment identification and the PAIR 
method could well become another important tool in the forensic analysis of art and cultural 
heritage objects. 
[1] A.G. Bell, 11, 510-528 (1881). 
[2] A. Rosencwaig, 47, 592A-604A (1975). 
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The Hunt Frieze on the facade of the Tomb of Philip II at Aigai is a rare survival of mural 
painting of the Late Classical period (4th C. BC), offering the most tangible evidence of 
the great achievements of ancient Greek masters in both composition and technique. Ever 
since its discovery, the exceptional quality of the painting attracted the attention of 
scholars and scientists alike, who attempted at deciphering both its iconography and 
materiality. In 2013, a campaign of non-invasive investigations, including Multispectral 
Imaging (visible-, infrared-, ultraviolet-reflected and induced luminescence imaging, 
macrophotography) and X-Ray Fluorescence Spectroscopy, was undertaken with the aim 
to further enrich our understanding of the materials and painting techniques and shed 
more light on the readability of the iconographic elements composing the hunt. More than 
160 point analyses were conducted using a handheld XRF analyzer (Niton XL3t 
GOLDD+). The XRF results have pointed out the selective use of a rare green pigment 
conichalcite, a green copper arsenate (CaCu(AsO4)(OH))], used in mixtures with other 
pigments to depict elements of vegetation and more interestingly to produce a cool 
complexion on the bodies of the hunters. From the present investigations, it appeared 
clear that the painting technique is extremely complex, making use of highly 
sophisticated mixtures of pigments and layering of paint, in order to achieve naturalistic 
effects.  
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Parchment was the main writing material in the Middle Ages in Western Europe up to the 
growth of paper production in the 14-15th centuries. Made from an untanned animal skin it 
was preserved by liming, scraping and drying the skin under tension. Parchment is sensitive to 
water, causing in extreme case the denaturation of collagen, its main constituent, to gelatin. 
The aim of this work is to demonstrate the interest of using two complementary non-
destructive techniques, nonlinear optical microscopy and IR nanospectroscopy, to better 
understand the mechanisms of degradation. 
Nonlinear optical microscopy based on simultaneous detection of two photon excited 
fluorescence (2PEF) and second harmonic generation (SHG) can give insight into the 
structure and the nature of the components. SHG microscopy is specific to dense non-
centrosymmetric organizations; therefore it is a powerful technique to investigate fibrillar 
collagen with typically 0.3 µm resolution and 1 mm field of view. In parchments we show 
that the two signals provide complementary information regarding the 3D organization 
(Figure1), and that during collagen degradation SHG intensity strongly decreases due to 
molecular and/or macromolecular modifications.  
Infrared spectroscopy provides information on collagen secondary structure and is used to 
characterize the parchment gelatinization process that is associated with a change from a triple 
helix to a random structure in the molecule. To have a better insight into collagen 
modifications, analysis have to be performed at the fibers (~1-5 µm) or fibrils (~100 nm) 
scale, therefore infrared technique with a high spatial resolution is required. We report the 
first results in parchment fibers analysis at the nanometer scale using AFM-IR (AFM imaging 
coupled with IR illumination to collect IR spectra with nanometer scale resolution). We 
discuss the potential of coupling AFM-IR with other microscopy imaging techniques 
(especially nonlinear optical microscopy) to obtain new insight into the degradation of the 
collagen structure from nanometer to millimeter scale. 

Figure1:Nonlinearopticalmicroscopyimagingofparchment.TwoͲphotonexcitedfluorescence2PEFin
red,andsecondharmonicgenerationSHGingreen,merge2PEFͲSHGimage(right).Scalebar:100ђm.
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Chemical fingerprinting of art objects and archaeological materials such as paintings, statues, 
ceramics, and rocks and minerals is crucial in determining how, when, and where they were 
made. This knowledge is vital in obtaining a comprehensive “material archive” to assess the 
full cultural heritage of a piece of work. Such information is also required to determine the 
authenticity of individual art works and where they fit into the oeuvre of a particular artist. In 
most cases sampling of objects needs to be essentially non-destructive and cannot be 
performed in the laboratory and so requires a portable instrument that can be taken to 
museums or into the field.  
Commercially available non-destructive portable analytical techniques such as hand held XRF 
are suitable for the determination of some major and trace element contents. Portable XRF 
techniques are, however, accompanied by relatively poor analytical accuracy and precision 
due to the need to calibrate the techniques with matrix matched standards. This fact means 
that non-destructive techniques are often not distinctive enough to be used for provenancing 
the source of the raw materials used in the production of archaeological objects and art works. 
In contrast, a combination of trace element contents and isotopic ratios have much better 
resolving power as these show more variability between geological materials derived from 
different localities. The power of using isotopes for authenticity tests or provenance has been 
proved previously (e.g., Pb isotopes), but the amount of material required for a good isotope 
ratio analysis is such that so far applying the techniques required destructive sampling.  
We report on the upgrade of a portable laser ablation system (Glaus et al. 2012, 2013) that can 
be taken to museums to collect samples from ablation pits invisible to the naked eye (~50 µm) 
such that the integrity of the object is macroscopically preserved. The ablated material is 
collected onto membrane filters that are then transported to the laboratory for trace element 
and isotope analyses.  
Inherent to the macroscopically non-destructive laser ablation technique is that the amounts of 
material sampled from the object will be small (<mg). Analysis of multiple isotope ratios (Sr-
Nd-Pb) in such small quantities of material is usually impossible using default mass 
spectrometer configurations. Use of high resistance amplifiers (1013 instead of 1011 Ohm) in 
our thermal ionisation mass spectrometer (TIMS) allows analysing small ion beam at 
relatively high precision. Data will be presented that show that, coupled with newly 
developed miniaturised chromatographic techniques, we have successfully set up techniques 
to analyse Sr, Pb and Nd isotope ratios in samples as small as 2 ng, 1ng and 30 pg, 
respectively making it possible to identify the provenance of multiple components in 
individual artefacts.  
 
Glaus, R., Koch, J., and Günther, D., Anal. Chem., 84, 2012, 5358-5364 
Glaus, G., Dorta, L., Zhang, Z., Ma, Q., Berke, H., and Günther, D., J. Anal. At. Spectrom. 28, 2013, 801-809 
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The democratization of mirror is a quiet recent phenomen, precisely during the second part of 
the 18th and all through the 19th c. But the word “mirror” hides a huge variety of qualities, 
notably in term of color (for example, “greenish” to “white” or “neutral” glass) and luminance 
(dark to bright). We found a lot of historical – industrial and literary– testimonies of this 
variety, and we thought interesting to confront them with a scientific characterization from a 
colorimetric (luminance and color) and a chemical point of views. The most suitable 
technique to perform this study is the specular reflectance spectroscopy in the visible range. 
We adapted a Fiber Optical Reflectance Spectroscopy (FieldsSpec 4 Hi-Res, ASD Inc.) to 
make specular reflectance measurements. The setup, as we can observe figure 1a, is mainly 
made up of two optical fibers fixed on rotating accessories, one brings the light source 
(halogen-lamp) to the sample and the second one collects the reflectance signal to the 
spectrophotometer. This mobile system is fixed on a tripod thanks to micromechanical bars 
(bold line in figure 1a). 
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Figure 1: a) Top view of our specular reflectance setup; b) Reflectance spectra of ancient mirror recorded from 
our mobile setup (doted line) and laboratory spectrophotometer. 
 
In order to assess our setup, ten shards of Hg-Sn amalgam mirrors from 18th to 19th c. were 
analyzed by our portable system and laboratory spectrophotometer (Cary 5000, Agilent), 
which perform absolute measurement. The spectral comparison is very satisfactory (as we can 
observe figure 1b).  
We are now able with this portable setup to extract reliable colorimetric parameters and to 
detect the presence of some metallic ions.  
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Spectrofluorimetry is one of the methods with the utmost sensitivity suitable for the analysis 
of organic materials. Commonly available devices allow us to work on small objects, powders 
or on samples deposited on quartz plates. However, the study of fragile artworks (canvas 
paintings, pastels, medieval manuscripts) on which sampling is prohibited and which cannot 
be moved to laboratories required a light portable equipment for the in situ analysis of the 
artwork without contact nor preparation. The system has to be sensitive, non-invasive, with 
small footprint and time-effective in order to perform the data acquisition within the 
conservation or restoration room for the sake of minimal disturbance. A new 
spectrofluorimeter device using LEDs sources (LEDµSF) has been designed and its 
performance evaluated for the in situ characterization of artworks of our Cultural Heritage 
components. This equipment invented by the authors of this paper has been recently patented. 
The system has two excitation sources (LEDs at 285 nm and 375 nm). The excitation light is 
focused onto a small spot of the sample and the excited fluorescence is optically collected and 
coupled into the fiber of the spectrometer. This confocal arrangement of the measurement 
head eliminates most of stray light. Filters are associated with the LED to cut their reflection 
and their duplicate (harmonic) to 570 and 750 nm. Signal emitted by the sample is transmitted 
by an optical fiber connected to a mini-spectrometer Thorlabs (190-1000 nm). The choice of 
LEDs is based on various studies on the analysis of binders and pigments. 285 nm is used to 
study the fluorescence of blue or yellow pigments (lapis-lazuli, azurite, Egyptian blue; 
orpiment, lead-tin yellow, stil-de-grain...) and some organic binders (protein glue, gum 
Arabic). 375 nm induces fluorescence of lipid binders (egg yolk, linseed oil) and red pigments 
(red lead, cinnabar, cochineal,...). Its performances have been compared to conventional 
laboratory equipment on pigments currently used in mediaeval paintings.  
The analyzes have defined the characteristic bands of the fluorescence emission of some red, 
blue and yellow pigments (e.g. the red lead gives a maximum of fluorescence at 580 nm; 
cinnabar at 610 nm, bucktooth around 530 nm...). The characteristic maxima emission 
wavelengths allow us to discriminate most of the pigments mixed with different binders, 
deposited on quartz plates, parchment or on illuminated facsimile. 
Keywords: µspectrofluorimetry portable, LEDs, medieval pigments. 
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Pigments in Classical and Late Antiquity were of mineral, plant and animal origin. These 
coloring materials of inorganic and organic source were used in painting after refinement or 
they were processed to produce new compounds and composites.  
A small number of these pigments are known to be photoluminescent after electronic 
excitation by ultraviolet or visible radiation causing orbital electrons to absorb energy from 
the radiation, and exciting them to a higher energy state. Excitation to higher energy levels 
produce a “cascading” effect, as the electrons move down from one energy level to the next, 
until they returns to the ground state.  
During this photophysical process the material undergo internal energy transitions before re-
emitting the energy from the absorption event at lower energies (photoluminescence), in the 
ultraviolet (UV), visible (Vis) and near infrared (NIR). The characteristic excitation and 
emission photon energies involved in this event can be reliably used to identify pigments in 
ancient artwork.  
In this research we provide a brief overview of the chemistry and properties of natural and 
synthetic pigments used in Classical and Late Antiquity between the fourth century BC and 
the sixth century AD in the context of the various chemical arts and industries such as mining, 
metallurgy, glassmaking, dyeing, pharmaceutical and wine making. Two synthetic pigments 
used extensively in this period with characteristic luminescent properties are examined: 
Egyptian blue, a high-fired ceramic material and madder lake, a hybrid organic-inorganic 
composite.  
Using multiple analytics from the macroscopic to the molecular length scale including 
forensic imaging, Raman spectromicroscopy, electron microscopy and fiber-optics reflectance 
spectroscopy, this research exploits the intrinsic chemical, photophysical and microstructural 
properties of these two ancient pigments as fingerprint markers in material culture analyses 
and forensic cases inferring authentication that can lead to accurate attributions and 
provenance. 
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Our previous investigations [1-6] established that the darkening of different chrome yellow 
verieties (PbCr1-xSxO4, 0≤x≤0.8) in a number of Van Gogh paintings and artificially aged oil 
paint models is attributable to a photo-reduction of the original Cr(VI) to Cr(III). We found 
that orthorhombic S-rich PbCr1-xSxO4 (x≥0.5) compounds are more prone toward alteration 
than the monoclinic S-poor (0≤x≤0.4) ones and that the more light-sensitive form (x~0.8) 
degraded also under exposure to violet-blue light (i.e., 400≤λ≤480 nm). [4] 
Emerging commercial lighting systems, such as white light emitting diodes (WLEDs), feature 
a considerable emission in this spectral range; thus the alteration phenomenon makes it 
challenging to establish the optimal museum conditions to ensure a safe display of 
masterpieces containing chrome yellows.  
The findings of our previous investigations,[4] are extended in this work by presenting studies 
aimed at evaluate the effects of the violet-blue-green light (400-560 nm) emitted by several 
illumination devices and at determining the wavelength dependence of the alteration process 
of different chrome yellow types. 
For these purposes, UV-Visible, synchrotron radiation (SR)-based Cr K-edge micro X-ray 
fluorescence (µ-XRF)/X-ray absorption near edge structure (µ-XANES) and Electron 
Paramagnetic Resonance (EPR) spectroscopies were used to study a series of chrome yellow-
based oil paint models that were exposed to different commercial light sources (i.e., three 
WLEDs, one halogen and a UV-filtered xenon lamp) and a selection of monochromatic lights.  
The results are going to be discussed in this work demonstrate that (i) the amount of 
secondary Cr(III)-compounds becomes higher with increased darkening and that (ii) the 
reduction process is activated not only by λ≤460 nm (i.e., spectral range where the pigment 
shows its maximum absorption) but also in the 490-530 nm range (green radiation).  
The efficiency of the latter to induce degradation was explained by the identification of 
thermally formed Cr(V)-species that absorb in this wavelength region and may act as 
intermediates in the Cr(VI)/Cr(III) reduction process.  
[1] L. Monico, G. Van der Snickt, K. Janssens, W. De Nolf, C. Miliani, J. Verbeeck, H. Tian, H. Tan, J. Dik, M. 
Radepont, M. Cotte, Analytical Chemistry 83(4), 2011, 1214. 
[2] L. Monico, G. Van der Snickt, K. Janssens, W. De Nolf, C. Miliani, J. Dik, M. Radepont, E. Hendriks, M. 
Geldof, M. Cotte, Analytical Chemistry 83(4), 2011, 1224.  
[3] L. Monico, K. Janssens, C. Miliani, G. Van der Snickt, B. G. Brunetti, M. Cestelli Guidi, M. Radepont, M. 
Cotte, Analytical Chemistry 85 (2), 2013, 860. 
[4]L. Monico, K. Janssens, F. Vanmeert, M. Cotte, B. G. Brunetti, G. Van der Snickt, M. Leeuwestein, J. 
Salvant Plisson, M. Menu, C. Miliani, Analytical Chemistry 86 (21), 2014, 10804. 
[5] H. Tan, H. Tian, H.; J. Verbeeck, L. Monico, K. Janssens, G. Van Tendeloo, Angewandte Chemie 
International Edition 52 (43), 2013, 11360. 
[6] L. Monico, K. Janssens, M. Alfeld, M. Cotte, F. Vanmeert, C. G. Ryan, G. Falkenberg, D. L Howard, B. G. 
Brunetti, C. Miliani, Journal of Analytical Atomic Spectrometry, 2015, DOI:10.1039/C4JA00419A. 
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The analysis of organic dyes is a challenging research topic: in the last decade a series of new 
technique have been applied, and Surface Enhanced Raman Spectroscopy (SERS) has had a 
leading role [1]. Between the various SERS based approaches, UV Laser Ablation SERS 
(UV-LA-SERS) have been recently developed and applied at the Metropolitan Museum of 
Art, New York. 
The technique combines the high signal sensitivity of a SERS read out with the precision and 
micro-invasiveness of the laser ablation in the desorption 
regime. The spatial resolution of the technique can be up 
to 1 µm, depending on the type of objective used to focus 
the UV laser beam onto the material [2]. In the current 
configuration, as small as 13 µm in diameter can be 
ablated by focusing a 355 nm high power pulsed laser (7 
ns, tripled Nd:Yag, F=1 J/cm2) on the sample; the plume 
of desorbed material then collects on a silver nanoisland 
SERS active substrate. In comparison with the standard 
SERS approaches, UV-LA-SERS is more selective, 
leading to a lower contamination from the matrix, and it is 
not restricted to water-soluble materials [3]. Due to its 
versatility and spatial selectivity, the technique can be applied to a wider array of compounds 
than more traditional SERS sampling methods and is especially promising with highly 
heterogeneous mixtures of materials. 
For this reason, the UV-LA-SERS have been applied to a series of anthraquinone-based red 
lakes present in painting cross sections, sampled from a wide range of objects. The approach 
exhibits outstanding  sensitivity and spatial resolution, with minimum invasiveness. We have 
also begun to extend this technique towards the analysis of flavonoid-based yellow lakes. This 
class of colorants has been revealed to be challenging with the standard SERS approaches [4]. 
Our attention has been focused on the analysis of both reference materials and historical 
yellow lake samples. Furthermore, a new data treatment based on the Fourier Transform 
filtering has been tested in order to improve the signal to noise ratio, expunging the 
background signal. This approach was found to be especially useful when the colorant is 
present in low concentration in the sample.  
[1] F. Casadio, M. Leona, J.R. Lombardi, R. Van Duyne, Accounts of Chemical Research 43(6), 2010782-
791 
[2] A. Cesaratto, M. Leona, J.R. Lombardi, D. Comelli, A. Nevin P. Londero, Angewandte Chemie 
International Edition 53, 2014, 14373-14377. 
[3] P. Londero, J.R. Lombardi, M. Leona, Analytical Chemistry 85(11), 2013, 5463-5467. 
[4] S. Bruni, V. Guglielmi, F. Pozzi, Journal of Raman Spectroscopy 42(6), 2011, 1267-128. 
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Elemental and molecular mapping techniques for the 
study of hidden details on illuminated manuscripts
S.Mosca(1), S.Bellei(1,2), V.Capogrosso(1), A.Nevin(2), G.Valentini(1), R. Alberti(3),
L. Bombelli(3), T. Frizzi(3), M. Pontone(4), I. Fiorentini(4), D. Comelli(1)
(1) Politecnico di Milano, Physics Department, Piazza Leonardo da Vinci, 32, Milano, Italy 
 (2) IFN-CNR, Piazza Leonardo da Vinci, 32, Milano, Italy 
(3) XGLab Srl, Via Francesco D'Ovidio 3, 20131 Milano (Italy) 
(4) Archivio Storico Civico e Biblioteca Trivulziana, Castello Sforzesco, Milano (Italy) 
We propose a completely non-invasive approach for the study of illuminated manuscripts 
from the Trivulziana Collection (Milan), based on the combination of X-Ray Fluorescence 
(XRF) imaging, Raman mapping spectroscopy and near-infrared (NIR) reflectography, in 
order to map the used pigments and reveal hidden details of original paint, hidden under an 
over painted layer. Illuminated manuscripts are precious and delicate artworks where the text 
is accompanied by colourful decorations and miniature illustrations. Their attribution and 
conservation requires a good understanding of the materials employed and of the presence of 
remade or repainted parts. Different approaches based on the combination of complementary 
spectroscopy, imaging and multispectral imaging techniques have been successfully applied 
to the identification of pigments and of their spatial distribution on illuminated manuscripts 
[1-3].
In our approach a new portable XRF scanning device developed by XGLab SRL is employed. 
The compact XRF head scan the samples driven by two light linear motors. The excitation, 
which is not guided by any X-ray optics, allows the acquisition of the full spectrum emission 
of the Rh tube, providing enhanced sensitivity to lighter elements. The maximum scan-area 
depends on the tripod and motors arrangements, with typical values ranging from 5 to 10 cm. 
The remote Raman spectrometer, based on a 785 nm diode laser, is capable of performing 
point-to-point spectral mapping of a surface of interest at a long working distance (30 cm) 
thanks to two galvanometric mirrors and a custom-designed fast optical system. The two 
highly-complementary techniques allow the acquisition of elemental and molecular data, 
providing pigment identification with a high degree of confidence. Moreover, the complete 
spatial scanning of the painted manuscript, obtained with the XRF device, allows the mapping 
of the spatial and sub-layer distribution of elements, thanks to the high degree of penetration 
of the X-ray based technique, complementing data regarding the presence of hidden painted 
layers provided by NIR-reflectography.
Examples of application on two precious 15-16th C. manuscripts will be discussed, showing 
the capability of detecting hidden paint layers and anachronistic pigments, which yielded 
valuable information for identifying the original owners and the history and trade of the 
manuscripts. Advantages of this image-based multi-analytical approach will be discussed, 
thus informing future analysis on other heterogeneous works of art.
[1] A. Deneckere, M. De Reu, M.P.J. Martens, Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy 80, 1: 125-132 (2011) 
[2] P. Ricciardi, J.K. Delaney, Journal Of The American Institute For Conservation, 52, 1: 13-29 (2013). 
[3] J.K. Delaney, P. Ricciardi, L. D. Glinsman, Studies In Conservation, 59: 91-10 (2014). 
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An advanced surface-enhanced vibrational active film for 
chromatigraphic analysis of dyes 
G. Sciutto1, S. Prati1, I. Bonacini1, L. Litti2, M. Meneghetti2 , R. Mazzeo1
(1) Department of Chemistry, Microchemistry and Microscopy Art Diagnostic Laboratory, University of 
Bologna, Via Guaccimanni 42, 48121 Ravenna, Italy  
(2) Department of Chemical Sciences, University of Padova, Via Marzolo, 1, 35131 Padova  
Despite the remarkable progresses achieved in the last decades by analytical studies in the 
field of cultural heritage materials, the characterization of organic dyes still represents 
challenging task. Indeed, due to their high tinting strength, dyes are present in a very low 
concentration in artistic samples. Moreover, they are usually embedded into a multi-
component matrix ದ e.g., paint layers or historical textiles ದ creating an inherently complex 
system. The unambiguous and sensitive identification of such components is fundamental for 
provenance, dating and authentication studies since dyes may be used as diagnostic markers.  
The objective of the present research work was to develop a new generation of surface-
enhanced vibrational active films for chromatographic analysis of dyes, which is based on the 
combination of an improved TLC plate coupled with FTIR and Raman microscopies. . The 
approach provides enhanced spectral fingerprints for each compound, foreseeing the 
complementary information obtained by the two molecular analyses, which can both be 
performed on the same eluted spot. In particular, silver iodide (AgI) applied onto a gold-
coated slide is proposed as an efficient stationary phase for the discrimination of complex 
analyte mixtures. AgI is an inorganic hybrid direct gap semiconductor which has been widely 
investigated thanks to its tunable structure and  superionic and optical properties.  
Moreover, silver halides (AgX, with X = Cl, I, Br) belong to new SERS-active substrate [1], 
which received increased attention as a powerful alternative to the traditional SERS-active 
structures (such as gold, silver and copper nanostructures). On this bases, AgI is proposed as a 
powerful and versatile stationary phase for both enhanced ђRaman and ђFTIR TLC analyses. 
Indeed, it has been demonstrated that a peculiar enhancement effect occurs when ђFTIR-ATR 
measurements are performed applying a thin film onto a highly reflective and highly 
refractive support [2,3]. Thus, due to the mid-IR transparency of the AgI salt applied onto a 
gold-coated slide, it was possible to detect this FTIR enhancement effect for the 
characterization of organic dyes after chromatographic separation by means of  the novel TLC 
plate is performed.  
Performances of the new system were tested for the characterization of a mixture of three 
synthetic organic colorants (basic green 1, rodhamine B, and basic blue 9), widely used in 
dyeing processes. 
[1] X. Wang, W. Shi, G. She, L. Mu, Phys. Chem. Chem. Phys 14(17), 2012, 5865ʹ6132. 
[2] G.H. Davies, J. Yarwood, Langmuir 5, 1989, 229-232 
[3] S. Prati, G.Sciutto, I. Bonacini, S. Kazarian, R. Mazzeo, ATR/RAIRS as an innovative approach for the 
analyses of colorants in micro extracts, to be submitted 
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L. Lombardi(1), M. Guiso(1), U. Santamaria(2), A. Bianco(1) 
1 Dipartimento di Chimica, Università di Roma “Sapienza”, Piazzale A. Moro 5, 00185, Roma 
2 Musei Vaticani, Laboratorio di Diagnostica per la Conservazione e il Restauro, Viale Vaticano, 00165 Roma 
The present paper shows the results obtained through the micro-sampling with Ag-gel matrix 
associated with SERS analysis (Surface Enhanced Raman Spectroscopy), for the first time 
applied to the identification of organic lakes in polychrome works of art. 
In order to test the applicability of the micro-sampling with Ag-gel matrix to the various 
artistic techniques, specimens of panel paintings, paintings on paper and wall paintings were 
made for the execution of the micro-sampling tests. The main organic lakes used in 
polychrome works were prepared (Fig.1), following the recipes contained in ancient and 
medieval recipes manuals [1], both from animal and vegetable raw materials, both from 
shearing, by extraction of the dye from dyed wool (preparation technique typical of  the 
medieval period).  
The obtained results allow us to affirm that the micro-samples taken with the technique 
developed are much lower than a millimeter (Fig.2), size commonly taken for 
chromatographic investigations currently employed for the identification of organic 
compounds in polychrome artworks.  
In addition, from the video-colorimetric investigations conducted, it is clear that there is 
no visible change in the optical properties of the painted surfaces after the micro-sampling. 
 
 
 
 
 
 
 
 
 
 
 
 
Based on the experience gained and the problems found in the use of the different types 
of gel matrix was introduced a new type of gel which, due to its transparency, the lower 
gelling temperature and the greater rigidity is better compared to the Agar [2] and a kit for 
micro-sampling associated with SERS analysis (patent pending) was designed, which 
contains devices specifically designed and everything necessary for the execution of the 
protocol and aimed to make it simple, rapid and reproducible.  
 
1) Merrifield M. P., Original treatises dating from the XII to the XVIII centuries on the art of painting, London 
1849 
2) Lofrumento C. , Ricci M. , Platania E. , Becucci M. , Castellucci E. SERS detection of red organic dyes in 
Ag-Agar gel.  J. Raman Spectroscopy 2012; 44: 47-54 
Fig. 2 - Example of micro-sampling with gel matrix  Fig. 1 – Example of preparation of lake specimens 
(madder lake)  
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Spectroscopic study of Semiconductor Quantum Dots in Glass 
Matrix: CdSxSe1-x
C. Fornacelli(1.2), P. Colomban(3), S. Bracci(4), I. Memmi(2), M. Picollo(5) 
(1) Department of Earth Science, University of Pisa, Italy . 
(2) Department of Physical sciences, Earth and environment, University of Siena, Italy. 
(3) MONARIS umr8233, CNRS, Sorbonne Universités UPMC Paris 06, 4 place Jussieu, 75005 Paris, France 
(4) Institute for Conservation and Valorization of Cultural Heritage (ICVBC), National Council of Research (CNR), 
Sesto Fiorentino, Florence, Italy. 
(5) Institute of Applied Physics “Nello Carrara”, National Research Council (IFAC-CNR), Sesto Fiorentino, Florence, 
Italy.
Besides their use as optical cut-off filters and some recent applications as non-linear optical devices 
and photonic dots (micrometer-sized glass spheres), the CdSxSe1-x quantum dots started to be 
widely used in the production of stained glass windows from about the 1920 thanks to their bright 
colors.  
When semiconductor particles are reduced in scale to nanometer dimension, their optical and 
electro-optical properties strongly differ from those of bulk crystals of the same composition. Since 
sampling is often not allowed concerning Cultural Heritage artefacts, the potentialities of two non-
invasive techniques, such as Raman and Fiber Optic Reflectance Spectroscopy (FORS), have been 
investigated and the results of the analysis on some original glasses of different colours (from 
yellow to orange and deep red) and periods (from the second decade of the 20th century to present 
days) are reported in the present study. 
Raman spectroscopy allows a fast and non-destructive measure of the quantum dots composition 
and size, thanks to the evaluation of the frequencies and the broadening/asymmetry of the LO 
phonons bands respectively [1, 2], though the important role of the compressive strain arising from 
the glass matrix and the possible diffusion of zinc from the matrix to the nanocrystals should be 
taken into account when considering the optical-phonons frequency values. The incorporation of Zn 
has been assumed by an upward shifting of the LO band related to the most abundant anion (S or 
Se), while the role of the surface phonons as well as the confinement-induced scattering by phonons 
with a non-zero wavevectors on the Raman peaks broadening [3, 4] has been verified.  
The optical band gap varies from 2.42 eV (pure CdS) to 1.70 eV (CdSe). For the compositional 
range between 0.5≤x≤0.2, the presence of two absorption edges has been related to the contribution 
of both pure CdS and the CdSxSe1-x solid solution; this particular feature is probably due to the 
presence of unaltered cubic zinc blende structures of CdS that is not taking part to the formation of 
the solid solution occurring only between hexagonal CdS and CdSe. Moreover, as reported in 
previous works [4], the band edge tailing originating from the disorder due to the formation of weak 
bonds (corresponding to a deviation from the ideal bond length and angle) showed an exponential-
like dependence on the phonon energy. This subgap absorption is characterized by the Urbach edge 
energy  and, together with the FWHM of the Raman signal, has been assumed as a good parameter 
to evaluate the degree of topological disorder.  
1. Azhniuk, Y.M., et al., Incorporation of zinc into CdS1í xSex nanocrystals in glass matrix studied by optical 
spectroscopies. physica status solidi (a), 2004. (7): p. 1578-1587. 
2. Tu, A. and P. Persans, Raman scattering as a compositional probe of II-VI ternary semiconductor 
nanocrystals. Applied physics letters, 1991. (14): p. 1506-1508. 
3. Gomonnai, A., et al., Confinement-, surface-and disorder-related effects in the resonant Raman spectra of 
nanometric CdS1í xSex crystals. physica status solidi (b), 2003. (2): p. 490-499. 
4. Zanatta, A.R. and I. Chambouleyron, Absorption edge, band tails, and disorder of amorphous semiconductors. 
Physical Review B, 1996. (7): p. 3833-3836. 
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
UHFHQWGHYHORSPHQW
Donatella Capitani, Valeria Di Tullio, Noemi Proietti 
Laboratorio di Risonanza Magnetica Anna Laura Segre, Istituto di Metodologie Chimiche, CNR, Area della 
Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
The characterization of materials, the knowledge of the causes of degradation of materials, the 
development of new methods and materials aimed at lengthening the life time of artifacts, are 
mandatory in the correct safeguard of cultural heritage.  
Although NMR is recognized as a powerful tool in many areas of research, among the investigative 
techniques used in the field of cultural heritage, the application of NMR is still largely unknown. 
Nevertheless, NMR is not limited to just a few specific applications because  its use can  be extended to 
a wide number of different issues regarding Cultural Heritage [1-3]. Laboratory NMR instrumentation 
allows the structural study  of  organic, inorganic and hybrid materials in the liquid, solid, and semi-
solid  state. The availability  of portable NMR instrumentation allows the study  of  large objects such 
as frescoes,  monuments, and in general any buildings fully preserving the integrity and the dimension 
of the object under investigation. The measured  NMR parameters are important to establish the state of 
degradation of  objects, to evaluate  performances of consolidation and water repellent treatments 
carried out on porous materials, to monitor the detachment of the painted layer from the plaster, to 
quantitatively map the dampness in wall paintings. A further development of portable NMR devices is 
the availability of sensors to produce NMR stratigraphy with microscopic spatial resolution for 
investigating the layer structure of artifacts [4]. The study and the optimization of cleaning methods 
applied on materials of interest for cultural heritage is another new application. Cases of application  of 
NMR techniques in the field of cultural heritage will be shown to illustrate the potentialities of NMR 
in this field of research.  
[1] B.  Blümich, J. Perlo,  F. Casanova,. Progr. Nucl. Magn. Reson. Spectrosc., 52, 2008, 197-269. 
[2] D. Capitani, V. Di Tullio, N.Proietti,  Progr. Nucl. Magn. Reson. Spectrosc., 64, 2012, 29-69. 
[3] J.  Mitchell, P.Blümer, P. McDonald, Progr. Nucl. Magn. Reson. Spectrosc,  48, 2006, 161-181. 
[4] J. Perlo,  F. Casanova,  B.  Blümich, J. Magn. Reson., 176, 2005, 64-70. 
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(2) Materials for Arts and Archeology, 3ME, Delft University of Technology, Mekelweg 2, 2628 CD, Delft
(3) Netherlands Institute for Cultural Heritage, Hobbemastraat 22, 1071 ZC,  Amsterdam 
(4) Catalysis Engineering, ChemE, Delft University of Technology, Julianalaan 136, 2628 BL, Delft 
(5) Materials for Energy Conversion and Storage, ChemE, Delft University of Technology, Julianalaan 136, 
2628 BL, Delft
Titanium dioxide is the most abundantly used white pigment of the 20th century. Next to its 
positive pigment characteristics it also has one big drawback, namely its possible 
photocatalytic activity which can cause degradation of artworks (paintings, plastic objects or 
photographs)[1]. This degradation can manifest itself as color change, loss of gloss (chalking) 
or surface embrittlement (cracking). Limited examples of degradation have been reported. 
However, we may be dealing with a ticking time bomb! The photocatalytic activity of 
pigments commercially available as well as historic pigments seems to vary considerably. It is 
therefore important to develop a method to evaluate this activity (and thus the potential risk) 
in a quick and easy way.  
Here we report on a new method to test the photocatalytic activity of titanium dioxide 
pigment powders. The method is based on a known test which monitors the photocatalytic 
activity of catalyst powders[2], but we adapted this method to assess pigment activities.  
The degradation of an organic dye (Acid blue 9) in a titanium dioxide/water dispersion 
(dispersion agent: sodium polyphosphate) is followed by means of UV-Vis spectrophotometry 
A centrifuge is used to separate the powder from the dispersion before measurement. Dye 
dispersions containing pigments with high photocatalytic activity lose their color within 10 
hours of UV-A exposure (Intensity≈100 μW/cm2). A UV-VIS spectrophotometer provides 
quantitative results and a color scale provides a qualitative indication of the TiO2 grade. A 
range of titanium dioxide powders has been selected and tested with the developed method, 
confirming that the test is able to differentiate the photocatalytic activity of different titanium 
dioxide powders. The degradation time shows the expected correlation with UV-intensity.    
A correlation between the photocatalytic activity test and the chalking of actual paint surfaces 
has been found by performing an artificial aging study on simple reconstruction paints 
(pigment + linseed oil). It proves the predicting character of this test. Chalking can be seen on 
a macro scale as well as on a micro scale by SEM (figure 1). 
We show how the pigment photocatalytic activity can be assessed quantitatively with 
laboratory-based spectroscopic instruments and how a more qualitative test can be performed 
by artists and conservators in their studios.  
Figure 1: SEM picture of  a chalked paint surface (left) and a non-chalked paint surface (right) 
[1] M. Laver, Titanium White, in Artists' Pigments: A Handbook of their History and Characteristics 1997. p. 
295-355. 
[2] P. Du, A. Bueno-López, M. Verbaas, A.R. Almeida, M. Makkee, J.A. Moulijn, G. Mul,  The effect of surface 
OH-population on the photocatalytic activity of rare earth-doped P25-TiO2 in methylene blue degradation. 
Journal of Catalysis, 2008. (1): p. 75-80. 
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Commercially available from 1840s, cadmium sulfides have been extensively employed by 
the 19th and 20th C. artists such as Van Gogh, Matisse, Munch and Pollock. The term 
cadmium sulfides is referred to a number of yellow-orange-red compounds sharing a common 
structure based on CdS where various elements including Zn, Hg, Se, may substitute Cd or S 
producing a variety of hues. In fact, their chromatic properties are linked to the fact that CdS 
is a semiconductor with a direct band gap of 2.41 eV that can be modulated by the progressive 
substitution of Cd with Zn obtaining the pale yellow cadmium zinc sulphide pigments or of S 
with selenium thus producing the cadmium sulfoselenide characterized with orange and red 
tonalities.  
Aim of this paper is to develop an analytical methodology for the identification of different 
forms of Cd1-xZnxS and CdS1-xSex solid solutions. The methodology has been optimized on a 
set of sixteen commercial CdS-based pigments by Kremer and Aldrich and then applied on 
eight historical pigments from the RCE Collection of Amsterdam. The complete set of 
commercial and historical samples have been investigated through X-ray fluorescence 
spectroscopy, infrared, Raman and UV-vis reflection and XRD techniques. In particular, 
Raman spectroscopy is a sensitive probe of short range disorder generated by Zn or Se 
substitution. In the present research, the availability of different Raman laser excitations (488, 
514, 632 and 785 nm) has permitted, depending on the optical band gap value of each 
pigment, to record both on- and off- resonance Raman spectra obtaining information on the 
stoichiometry of the solid solutions and on their local structure in fairly good agreement with 
XRD analysis.  
$FNQRZOHGJPHQWV
This research was funded by MIUR (FIRB 2012, FUTURAHMA-Tecniche pittoriche, critica delle 
varianti e problemi conservativi. Tra Futurismo e ritorno al classico (1910-1922), RBFR12PHL4_002. 
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Spectroscopic assessment of the UV laser removal of 
varnishes on paint substrates 
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The removal/thinning of aged varnishes from easel paintings is a very complex issue, which 
involves the need of finely-optimized conservation treatments for preserving both the pictorial 
substrates and the remaining varnish film. To this goal, cleaning techniques based on laser 
ablation may satisfy these requirements, especially when wavelengths and pulse durations are 
accurately selected. Recently, with the aim of minimizing photo-thermal, photo-mechanical 
and photo-chemical phenomena, ultra-short lasers operating in picosecond and femtosecond 
regimes have been introduced in the field [1-2]. Processing of fresh mastic and dammar 
varnishes with 248 nm, 500 fs laser pulses results in an improved etched morphology as 
compared with ns pulses of the same wavelength [1]. Irradiation of shellac at 213 nm with 
pulses of 15 ns of photo-sensitive tempera paint models covered with shellac allows 
controlled micrometric removal without affecting the surface morphology and chemical 
composition of the remaining varnish film and underlying paint layers. However, fs multiple 
pulse Ti:Sapphire irradiation of films of this varnish at 795, 398 and 265 nm has turned out to 
be ineffective for removing shellac varnish from egg-yolk based tempera paints [2].   
Taking advantage from the latest findings, in the present work we focus on the assessment of 
the chemical and physical modifications induced by laser irradiation of varnish samples (i.e. 
dammar, mastic, shellac, mastic-oil) after natural and artificial ageing by using confocal μ-
Raman and laser induced fluorescence spectroscopies. We irradiated the varnish films with 
the fifth (213 nm) and fourth (266 nm) harmonics of a pulsed nanosecond (15 ns) Q-switched 
Nd:YAG laser. Together with systematic microscopy inspection of the irradiated areas, a 
significant effort was devoted to the study of the optical properties of the varnish films by 
means of UV-Vis absorption spectroscopy, which allowed the determination of linear 
absorption coefficients at the laser irradiation wavelengths used. Single-pulse laser ablation 
thresholds were measured by applying the spot regression method and processing of the films 
was carried out using three different scanning speeds that resulted in 1, 5 and 10 laser pulses 
on each irradiated area.  
The obtained results, using fluences well above the single-pulse ablation threshold of the 
treated varnishes, depend crucially on the irradiation wavelength, the considered varnish and 
its degree of polymerization. In contrast with the induced modifications resulting from 
irradiation at 266 nm, that lead to a whitish appearance (indicative of bubble formation) and 
discoloration of pigments, the promising results achieved at 213 nm emphasize the 
importance of using a highly absorbed wavelength to finely remove the oxidized uppermost 
layer of different types of aged varnishes. 
 
[1] Pouli, P., Paun, I. A., Bounos, G., Georgiou, S., Fotakis, C., Applied Surface Science, 254(21), 2008, 6875-
6879. 
[2] Oujja, M., García, A., Romero, C., de Aldana, J. R. V., Moreno, P., Castillejo, M., Physical Chemistry 
Chemical Physics, 13(10), 2011, 4625-4631. 
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A non-destructive in-situ approach to monitor corrosion 
inside historical brass instruments 

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CH-8910 Affoltern am Albis, Switzerland 
(3) University of Cagliari, Department of Chemical and Geological Science, Cagliari 
In the frame of the project “Brass instruments of the 19th and early 20th centuries between 
long-term conservation and use in historically informed performance practice” [1] an 
interdisciplinary methodology is being developed for the evaluation and monitoring of the 
corrosion state inside historical brass instruments before and after being played. The 
efficiency of preventive conservation protocol can be established.
In line with the scope of the project, non-destructive techniques that could be used inside the 
musical instruments to get information on the actual corrosion state and possibly on the 
corrosion rate were evaluated. As corrosion of metal artifacts is an electrochemical process, 
electrochemical techniques such as potential measurements and polarization resistance 
measurements are the methods of choice. In addition the internal surfaces of the instruments 
were characterized by optical methods (endoscope).
In a first step traditional electrochemical measurements in solution were performed in order to 
study the influence of the alloy composition [2, 3]. As expected brass alloys with higher zinc 
content (e.g. alloys CuZn37) behaved more noble (more positive potentials) and showed 
lower corrosion rates. To perform the same electrochemical instruments inside the instru-
ments a special electrochemical sensor was developed. The sensor combined an Ag/AgCl 
(pseudo) reference electrode and a small platinum grid as counter electrode, both embedded in 
a thin cylindrical sponge mounted on a flexible tube. The sensor had a surface of about 1 cm2
and could be pressed against the inside of the brass tubes by a small balloon that could be 
pumped or emptied. The sponge was wetted with a non-aggressive electrolyte (phosphate 
buffer pH 7) in order to ensure the electrolytic contact to the tube.
Several ancient brass instruments, horns, trumpets and tuba, were characterized by endoscope, 
potential measurements and polarization resistance measurements. The results showed that 
the local surface condition at the point of measurement is more important then the type of 
instrument or the alloy composition. The in-situ measurements will be repeated after about 
half a year of playing the instruments by musicians in order to see if changes in the corrosion 
behavior can be observed.
[1]  T. Lombardo et al., Brass instruments of the 19th and early 20th centuries between long-term conservation 
and use in historically informed performance practice, paper presented at this conference 
[2]  F. Cocco, Master thesis University of Cagliari (2014). 
[3]  F. Cocco, M. Fantauzzi, B. Elsener, A. Rossi, EUROCORR’2014
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X-ray fluorescence is a diagnostic approach particularly suited to be utilized in cultural 
heritage sector since it falls in the non-destructive and non-invasive analytical tools. However 
there are big differences between portable and laboratory instrumentation that make difficult 
to perform a comparison in terms of quality and reliability of the results. The present study is 
specifically addressed to investigate these differences in respect of the same analytical 
sample-set. To reach this goal a comparison was thus carried out between portable and bench 
top devices X-ray fluorescence devices and techniques were used on different type of yellow 
pigments based on lead, tin and antimony obtained in laboratory, reproducing the instructions 
described in “old” recipes, that is: i) mortar of lead and tin produced on the basis of the recipe 
13 /c V of the “Manuscript of Danzica” and “ Li tre libri dell’arte del Vasaio” by Cipriano 
Piccolpasso; ii)  two types of lead and tin yellow (Pb2SnO4 and PbSnO3) produced starting 
from the indications of the 272 and 273 recipes of the “Bolognese Manuscript”; iii) lead 
antimonate (Pb2Sb2O7) obtained by  following the instructions of the Piccolpasso’s  treatise  
and those contained on the “Istoria delle pitture in maiolica fatte in Pesaro e ne’ luoghi 
circonvicini di Giambattista Passeri” and finally iv)  lead, tin and antimony yellow 
(Pb2SnSbO6,5) obtained starting from the information contained in the paper 30 R  of 
“Manuscript of Danzica” [1]. 
The XRF analysis were performed using a laboratory instrumentation (Bruker M4 Tornado) 
and a handset analytical device (Assing Surface Monitor). In order to perform a significant 
statistical comparison among acquired and processed data, all the analyses have been carried 
out utilizing the same sample, the same acquisition set up and operative conditions. 
A chemometric approach, based on the utilization of Principal Component Analysis (PCA) 
and multivariate analytical based tools [2], was utilized in order to verify the spectral 
differences, and related informative content, among the different produced yellow pigments. 
The multivariate approach on the results revealed instrumental differences between the two 
systems and allowed to compare the common characteristics of the set of pigments analyzed. 
 
 
[1] C. Pelosi, G. Agresti, U. Santamaria, E. Mattei, Artificial yellow pigments: production and characterization 
through spectroscopic method of analysis, e-Preservation Science, 2010, 7, pp. 108-115. ISSN 1854-3928. e-
ISSN 1581-9280. 
[2] I. Toulos; C. Papachristodoulou; K. Stamoulis; K. Ioannides; S. Pavlides; R. Caputo, A. Chatzipetros; I. 
Koukouvelas; E. Kremastas, The Principal Component Analysis of X-Ray Fluorescence Spectrometry Data as a 
Tool for Paleoseismic, EGU General Assembly 2013, 7-, 2013, Vienna, Austria, id. EGU2013-6002 
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,QWURGXFWLRQ
Pictographs have long been a subject of interest for archaeologists, and their analysis 
has typically focused on their location and symbolic interpretation. Until recently, there has 
been little research focus on the pigments used to create them. The Canadian Shield area 
boasts dense clusters of pictographs, most of which were painted between ~2000 BP and into 
the European contact era. By determining the geochemical signatures of ochre we can trace 
pigments back to their geologic origin, and by extension create an archaeological history of 
their procurement, trade, and use [1,2]. Advances in commercial portable XRF instruments 
have enabled analysis of pigments in situ, a necessity for non-destructive testing of rock art 
located in geographically remote areas. We present the findings of a portable XRF field study 
of two pigment sources and 62 pictograph sites located in northern Ontario, Canada.  
([SHULPHQWDO
We used an Innov-X Delta Premium portable XRF unit, described fully in Goodale[3]. 
It was calibrated using NIST-issued standard reference materials. Previously characterized 
ochre source materials[2] (via INAA) were examined for comparison to assess the precision 
and accuracy of the device for calculating elemental concentration values. Multivariate 
statistical analyses were used to differentiate groups of ochre sources to see if their chemistry 
satisfied the provenance postulate, and if sources could be matched with pictographs. 
5HVXOWV
 Bivariate plotting of log10 Fe-normalized element pairs including Ba, Rb, Sr, and Zr, 
showed four primary iron oxide groups (Fig.1). Data points within these four groups include 
pictographs and two ochre sources, and they are distributed widely througout the region. 
&RQFOXVLRQV
Results show that four distinct sources of red ochre pigment were used and traded over 
significant distances (> 150km) across the study region. The geochemistry of ochre sources in 
this region satisfies the provenance postulate and differentiation of pigment source groups in
situ via non-destructive portable XRF is achievable.  
)LJXUHV
 
Fig. 1: Bivariate plot of log10 Fe-normalized Ba vs. 
Rb. Ellipses 90% confidence. 
$FNQRZOHGJHPHQWV
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Temagami, Serpent River, and Henvey Inlet.  
5HIHUHQFHV
[1] MacDonald et al 2011. Geochemical Char. of 
ochre from central coastal BC, Canada. J. of Arch, 
Sci. 38: 3620-3630 
[2] MacDonald et al. 2013. Elemental analysis of 
ochre outcrops in southern British Columbia, 
Canada. Archaeometry 55(6): 1020-1033. 
[3] Goodale et al 2012. pXRF: a study of inter-
instrument performance. J of Arch. Sci. 39-875-883.  
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The application of new techniques for non-invasive characterization of cultural heritage is a 
constant challenge and new instrumentation is needed to perform a more complete in situ 
analysis. Particularly, the study of stone artifacts may be difficult due to the heterogeneity of 
the material and its complex composition. This is the case of green stone minerals, such as 
jadeite, very appreciated and used in the Mesoamerican cultures from 2000 B.C. until the 
Spanish conquest of Mexico in XVI century. 
On the other hand, databases of most of the techniques, such as Infrared (FTIR) and Raman 
Spectroscopies, are not completed enough to carry out a detailed examination of the mineral 
composition. Elemental composition by X-ray Fluorescence by itself is not suitable to identify 
the minerals in a green stone, but it can be used to differentiate between sources of raw 
materials. However, X-ray diffraction (XRD) is a solid method for the mineral identification. 
Moreover, if the elemental composition of a mineral is measured, by XRF for instance, it is 
easier to determine the mineral composition by XRD. For the previous reasons, several 
prototypes have been developed to carry out in situ XRD combined with XRF [1-4]. In this 
work, we present our system for simultaneous XRD-XRF analysis, called ADIS (Analysis by 
In Situ X-ray Diffraction). Our prototype was developed from a small EQUINOX 100 Inel 
XRD system [5]. This device has a curve X-ray detector (18 cm radius) and a microfocus 
50W Cu X-ray tube, without mobile parts. An AmpTek Silicon Drift detector with a polymer 
window was set to measure simultaneously the characteristic fluorescence X-rays. Elemental 
data are used to improve the XRD identification. Artifacts (or powder samples) can be set at 
the working plane of the equipment mechanically and adjusted by two laser pointers. Three 
configurations can be used to measure on objects and flat surfaces such as paintings. 
Measurements may last between 10 to 20 min.  
In this case, the non-invasive examination of two sets of artifacts from Mesoamerica (La Joya, 
Veracruz, and Tamtoc, San Luis Potosí) was carried out by our ADIS system to show its 
performance and to compare with FTIR and Raman data. The main results indicate that XRD-
XRF analysis is more sensitive for minerals, despite the expected preferred orientation of the 
minerals in the artifacts.  
This research has been supported by grants from CONACYT MOVIL II 131944 and PAPIIT 
UNAM IN403210 - ANDREAH II. 
 
[1] A. Giaconelli et al., X-Ray Spectrometry 37 (2008) 418 -423. 
[2] P. Sarrazin et al., JCPDS-International Centre for Diffraction Data, ISSN 1097-0002 (2009) 175 -186. 
[3] A. Pifferi et al., Croatica Chemica Acta 82 (2009) 449 -454. 
[4] I. Nakai , Y. Abe, Applied Physics A 106 (2012) 279-293. 
[5] V. Aguilar Melo, Master Thesis, Ciencia e Ingeniería de Materiales, Universidad Nacional Autónoma de 
México, Mexico, 2014.
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Bernardino Luini is a North Italian painter from Leonardo’s circle, which is known to have 
worked with Leonardo directly: consequently, many of his works were attributed to the 
master himself. He was an outstanding figure in the Italian Renassaince and a delightful 
painter; an organic description of his technique form the materials point of view will be of 
great help to art-historians. Even though some scientific examination have been made on 
works by Leonardo and his circle [1, 2], operating in Milan between 1480 and 1530, almost 
no data directly taken on Luini paintings are currently available in scientific literature.  
The recent exhibition “Bernardino Luini e i suoi figli” (Bernardino Luini and his sons), held 
at Palazzo Reale in Milan from April to July 2014, gave the opportunity to restore and deeply 
study a lot of paintings from Luini workshop. On this occasion, before and during 
restauration, eleven paintings on board by Luini and his workshop were analyzed, together 
with one big board by his son, Aurelio. The scientific examination was performed in the 
restorer atelier (Carlotta Beccaria Studio di Restauro) exploiting a portable XRF spectrometer 
(Assing Lithos 300) and a FORS (FORS measurements in the Vis-NIR range were carried out 
using an Ocean Optics HR4000 spectrophotometer), to get pigment layers characterization. 
Particular attention was paid to the complexion, characteristic features of Leonardo da Vinci 
masterpieces and the painters of his circle [2, 3], and to the green layers that can undergo to 
severe chemical alteration [4], complicating the identification of the original pigment used. 
Results obtained were also linked to information from image analyses (IR and false colour 
images) and compared with literature data accessible for other followers of Leonardo da 
Vinci, and for Leonardo himself. In particular, data obtained by C2RM in Paris and 
stratigraphies by the National Gallery in London (not published and acquired through 
CHARISMA Project) were of great help. The huge amount of data together permitted to have 
a complete overview on the painter technique and to define a supposed fingerprint of his 
masterpieces, also suggested by the comparison of a few paintings once attributed to Luini, 
but now assigned to coeval minor painters.   
The most important achievements of the project will be to define a fingerprint, if any exist, of 
Luini masterworks. He was an outstanding figure in the Italian Renaissance and a delightful 
painter; an organic description of his technique form the materials point of view will be of 
great help to art-historians. 
Financial support by the Access to Research Infrastructures activity in the 7th Framework Programme of the  EU 
(CHARISMA Grant Agreement n. 228330) is gratefully acknowledged. 
 
[1] National Gallery Technical Bulletin, Vol. 32: Leonardo da Vinci: Pupil, Painter and Master 
[2] L. de Viguerie, P. Walter, E. Laval, B. Mottin, V. A. Solé, Angew. Chem. Int. Ed. 49, 2010, 1. 
[3] L. Keith, A. Roy, R. Morrison, P. Schade, National Gallery Technical Bulletin (32), 2011, 32. 
[4] Van Eikema Hommes M. in Changing pictures: discoloration in 15th-17th century oil paintings, Archetipe, 
2004, London. 
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Solid-state Nuclear Magnetic Resonance (NMR) is a technique that allows for the study 
of materials in its original form without any extraction or dissolution. NMR has so far 
found limited use in cultural heritage compared to other analytical techniques such as 
FTIR. One reason may be the relatively large sample sizes needed to perform solid-state 
NMR experiments on the order of 50-100 mg which is sample sizes not considered 
acceptable for most works of art. With the development of unilateral NMR another 
possibility has opened to study solid materials using NMR non-invasively without the 
need for touching the artwork [1]. This method is very useful for mobility measurement 
but does not allow for spectroscopic resolution. Examples of application of high-
resolution liquid-state NMR can be found for cultural heritage applications [2]. However, 
not all art materials can be dissolved without changing their molecular structure, or only 
part of the sample can be dissolved at all.
In this work we explore the potential of a novel NMR technology requiring orders of 
magnitude less sample amount than conventional solid-state NMR. The technique utilizes 
ultrafast sample spinning which allows us to obtain well-resolved 1H NMR spectra and 
13C spectra. In this study we use small paint samples (order of mg) from paintings by the 
Danish artist Asger Jorn (1914-1973) who was part of the European avant-garde 
movement CoBrA and among the most important 20th century artists. The characteristics 
of Jorn’s paintings are his use of very intense impasto brush strokes resulting in crack 
formation and flacking of the paint. By comparing high-resolution 1H solid-state NMR to 
non-invasive unilateral NMR data we find that the flaking is due to decreased mobility 
rather than molecular changes of the binder. 
[1] B. Blümich, F. Casanova, J. Perlo, F. Presciutti, C. Anselmi, B. Doherty. Acc Chem 
Res 43, 2010, 761. 
[2] D. Capitani, V. Di Tullio, N. Proietti. Prog Nucl Magn Reson Spectrosc 64, 2012, 29.
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Identifying the constituents of a paint object can be a complex and time-consuming task, also 
taking into account that today sampling historical artworks is always more often impossible.  
A systematic study concerning the potential of applying the multivariate technique Principal 
Component Analysis (PCA) on combined first derivative micro-Raman and reflectance FT-
NIR spectra to study and discriminate different types of binding media both pure and in 
mixture with pigments is reported.  
In this work traditional binding media such as drying oils (linseed oil, walnut oil, poppy oil 
and stand-oil originated from linseed oil), proteinaceous (egg yolk, egg white, whole egg, 
casein, rabbit skin glue, strong glue and fish glue) and polysaccharides (Arabic gum and 
Tragacanth gum) were analyzed. Furthermore, a series of paint mixtures using lead white, 
zinc white, azurite, synthetic and natural ultramarine, phthalocyanine blue were prepared with 
linseed oil and poppy-seed oil. Each analyzed sample was individually applied as thick film 
on four microscope glass slides and left to dry on a shelf for three months before analysis. The 
pure drying oils have to be considered as “fresh” binding media because the drying process 
has not already been completed. 
Micro-Raman and FT-NIR spectroscopies provide a complementary information which can 
be used to identify the pigments and binders in paint samples. A combination of first 
derivative micro-Raman and FT-NIR spectra enhances the extraction of vibrational and 
statistical information from each analyzed sample by means of the use of PCA. Each new 
combined spectrum is characterized by both fundamental and combination/overtone modes.  
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Selective functional group transformation to increase 
the spectral selectivity of FTIR spectroscopy – 
derivatisation of bioorganic compounds using gaseous 
sulfur tetrafluoride 
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(1) Bern University of Applied Sciences, Switzerland 
FTIR spectroscopy is a powerful technique in conservation science. Yet, there are limitations 
when analysing chemically complex multi-component systems, due to signal interferences. 
Successful FTIR-FPA imaging on multi-component systems requires separate bands for clean 
signal integration. With the help of a derivatisation technique, e.g. using gaseous sulphur 
tetrafluoride (SF4), it is possible to achieve characteristic alteration of the binding modes by 
selectively transforming functional groups e.g. for different classes of bioorganic materials. 
Based on the theory of infrared spectroscopy, different principle strategies are available to 
eliminate spectral interferences. Since peak position and signal intensity are dependent on the 
nature of chemical bonds, the steric orientation of the functional group within a molecule, as 
well as the sensitivity to the neighbouring group effect, different derivative transformations 
are of practical interest in this context. Of relevance is the single atom substitution within 
functional groups, the substitution of entire functional groups, or the modification of the 
neighbouring groups of an IR absorbing bond. Additionally, the modification of the crystal 
structure by ionic exchange, is of interest to achieve elimination of signal overlaps caused by 
inorganic fillers and pigments, improving the identification of bioorganic components in paint 
samples [1]. 
The selective functional group transformation was tested for different bioorganic compounds 
used in binding media, such as a variety of oils, proteins, carbohydrates as well as di- and 
triterpenes. The main focus was set on the selective fluorination of carbonyl containing and 
hydroxyl functional groups in different raw materials and aged samples. This pre-treatment 
technique using gaseous sulfur tetrafluoride SF4 makes it possible to discriminate ketones, 
carboxylic acids, as well as ester functional groups from each other. It distinctly enhances the 
analytical power of FTIR by enabling characterisation of individual compounds in multi-
component paint binders. Furthermore, it is possible to differentiate secondary and tertiary, as 
well as unsaturated carboxylic acids in terpenes, what is of relevance to classify di- and 
triterpenes using IR spectroscopy. Even hydroxyles in carbohydrates show selective reactions, 
which are of interest to discriminate interfering bands. The present results indicate, that this 
derivatisation technique successfully increases the selectivity of the infrared spectroscopy 
[1] S. Zumbühl, N.C. Scherrer, U. Eggenberger, Applied Spectroscopy 68(4), 2014, 458-465. 
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Candido Portinari (1903-1962) is one of the most famous Brazilian painters and has nearly 
five thousand works including small sketches in graphite, oil paintings of different sizes and 
themes [1], as well as giant murals, such as the known Guerra e Paz (War and Peace - 14 
metres tall x 10 metres large each.) that were painted for the United Nations Headquarters 
(ONU) as a gift from the Brazilian government in 1956. 
During the period of 1952 to 1956 in which was executing the War and Peace panels, 
Portinari also painted a number of art sacré great panels (1953) and smaller paintings 
depicting the Stations of the Cross (1955) in a total of 21 works [2]. All these painting were 
prepared exclusively to the principal church of the Batatais city in Sao Paulo. The works, oil 
on canvas, were painted  for the main altar: Jesus and the apostles (550x410 cm) and the side 
chapels : Transfiguration (Transfiguração, 199x299 cm), The Baptism of Jesus (O Batismo de 
Jesus, 199x299 cm), San Sebastian (São Sebastião, 199x299cm), Sacred Family (Sagrada 
Família, 137x158cm ), Flight into Egypt  (Fuga para o Egito, 137x158 cm) and Our Lady of 
Conceição Aparecida (Nossa Senhora da Conceição Aparecida, 141x122 cm) and fourteen 
screens (61x50 cm) representing the Stations of the Cross. 
These religious paintings of Portinari belonging to the main church of Batatais collection 
suffered in 2014 a restoration process. During this period a more detailed study of these works 
were performed to determine the palette of pigments used by the artist and also to start a first 
study of the degradation processes of blues and pinks pigments observed in some works of 
this collection. 
The analyzes were performed with a portable EDXRF system which consisted of a mini X-ray 
tube with a silver anode and a Si-SDD X-ray semiconductor detector (125 eV FWHM for the 
5.9 keV line of Mn). The measurements were carried out with 30 kV voltage and 5PA of tube 
current and with an excitation/detection time of 100 s. The Raman measurements were 
performed using a EZRamanDual-G spectrometer that operated at 785 nm (6 cm-1 resolution 
with spectra range from 100 to 2200 cm-1) and also at 532nm (6.5 cm-1 resolution with 
spectra range from 100 to 3100 cm-1). All the measurements were performed with both 
equipment “in situ” at the main Church of Batatais.  The pigments were suggested through the 
key elements observed in the EDXRF and in some cases by the Raman spectra measured.  
The pigments suggested in all painting with different colors analyzed are: Cerulean, Cobalt 
and Prussian Blue; Chromium Green; Cadmium Orange and Yellow; Cadmium-Selenium Red 
and Red Ochers; Zinc, Titanium and Lead White. 
 
[1] A. Rosado, I. Mendes, E. Motta Jr. C.V. Texeira, L. A.C. Souza, Science and Art: The Painted Surface, 
Edited by A. Sgamellotti, B. G. Brunetti and C. Miliani, The Roya Society of Chemistry, 2014. 
[2] L. S. Zamboni, Portinari na Matriz de Batatais, Mestrado em Artes Plásticas, Universidade de Campinas, 
Instituto de Artes, 1997.   
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Art studies and conservation of paintings requires knowledge of the materials used, such as 
colorants, binders, and preparatory layers. This information can also provide insight into the 
artist-working methods. In recent years, research carried out mostly on paintings has proved 
that imaging spectroscopy techniques can be effectively used for material identification and 
mapping on works of art. The recent advances in the spectro-imaging field, as well as the 
demand of non-invasive techniques for the study of cultural heritage materials, offer a 
favorable environment for the development of these methods. Regarding the analysis of 
paintings, the hyperspectral imaging (HSI) supplies in every image point the associated 
reflectance spectrum which can be compared with those of a reference database. 
An application of the hyperspectral imaging was done on Goya paintings kept in the Museum 
of Zaragoza (Spain) with two different HSI systems. The first one uses "a mirror-scanning" to 
study reduced areas, whereas the second one is a "push-broom" system where the scanning is 
obtained by means of a translation rail. Processing of HSI spectra give false color infrared 
images that showed restored zones of the painting and allowed us to guide the choice for 
analysis of significant zones of the original painting. Regarding the identification of pigments, 
their diverse nature and the presence of complex mixtures, varnish and organic binders, in 
most of the cases, made difficult the analysis of HSI results. Although our database has more 
than 150 reference pigments, HSI analysis required the confirmation by other analytical 
methods as Raman Spectroscopy and X-ray fluorescence (XRF). 
Therefore, two non-invasive and portable instruments were used, an ultra-mobile Raman 
spectrometer equipped with a 785 nm-excitation laser for the molecular characterization of 
the pigments used by Goya and a hand-held energy dispersive X-ray fluorescence 
spectrometer (ED-XRF) to obtain the elemental composition of the original painting materials 
and of the products used in the restoration process on the Goya paintings. 
In conclusion, Hyperspectral imaging can be applied on fragile paintings, without damage, for 
location and identification of materials. These techniques allow examination of all the 
pigments over the whole image. Many of the primary colorants used in the Goya paintings 
can be identified and mapped by imaging reflection spectroscopy. The availability of a 
relatively quick procedure would allow surveying a larger number of Goya paintings in the 
museum, increasing the possibility to obtain significant results and providing a chance for 
extensive comparisons, relevant from the point of view of art historical issues. 
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For Correspondence: Tel.: +201228138344 ; E-mail address :ahmed_abdrabou@yahoo.com 
 

   The stick studied here belongs to Pharaoh Tutankhamen (1337-1347 B.C). It is made of 
wood and coated with colored and gilded bark decorations including geometrical patterns, 
king's cartouche and Captive figures. This study aims to use several scientific and analytical 
procedures to provide a deeper understanding of the materials and decorating techniques used 
in the stick to understand the method of adhering the decorating layers that allowed them to 
remain intact over years and use the results to set up a scientific plan for choosing the proper 
materials and methods for Conservation works.  
 
  Visual assessment ,Optical Microscopy (OM), Environmental Scanning Electron 
Microscopy (ESEM), X-ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy 
(FTIR) were used in our study as well as  using diffrent technique by  Rotated Axial Stage 
tool ,IR Reflected (IRR) and Photo shop and 2D software to enable us to illustrating the 
clyndrical decorations as a complete unfolded drawings in all parts of the stick. 
 
   Results revealed that different decoration layers were applied to the wood surface (black 
resin and colored and gilded barks in the upper and lower part of the stick, while gesso layer, 
gilded layer and varnish layer in the middle part). The gesso layer is identified as calcium 
carbonates CaCO3 bound with animal glue. The main component of black resin layer is 
shellac resin. The varnish layer is mastic resin while paraffin wax is used in the previous 
consolidation material. Gold leaf which applied on gesso layer is different in composition  
and thickness than gold leaf which applied on barks .Wood identified as Prunus sp. 
 
   Using Rotated Axial Stage tool, IR Reflected, Photo shop and 2D software produced clear 
documentation of the clyndrical decorations and deteriorations aspects in all parts of the stick. 
Applying the gold leaf on bark is unique technique and the authors suggest that when gold 
leaf was used to decorate bark, initially it was attached to bark sheet by animal glue and cut 
into different decorative patterns which were applied on the surface of the black resin layer. 
The diversity of the materials and techniques used in the object is fascinating as it is common 
to find different materials in one object, and it is possible to find many layers in one object 
but it comes as a surprise to find that the materials and techniques were so varied and 
different from part to another part in the same object. 
 








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Visible and Infrared Imaging Spectroscopy of Paintings
John K. Delaney(1,2), Kathryn Dooley(1,2), Damon Conover(2), Suzanne Lomax (1)
and Murray Loew (2)
(1) National Gallery of Art, 4th and Constitution Avenue NW, Washington, DC 20565 (USA) 
 (2) Department of Electrical & Computer Engineering, The George Washington University, 801 22nd Street 
NW, Washington, DC 20052 (USA). 
Imaging spectroscopy, the collection of hundreds of contiguous narrow-band images, offers 
an improvement over site-specific fiber optic reflectance measurements by combining both 
spatial and spectral information. We have focused on developing portable high sensitivity 
hyperspectral cameras operating at low light levels, which is necessary for the examination of 
paintings and drawings. The cameras operate from the visible (380 to 750 nm) and near-
infrared (NIR, 750 to 2500 nm) and have both high spectral sampling (2.4 to 4 nm) and high 
spatial sampling (0.2 to 0.5 mm). The cameras utilize transmission-grating spectrometers and 
state-of-the-art infrared detectors, such as InGaAs and InSb arrays. Use of a whiskbroom-
scanning mirror allows for a portable system. In this talk, we present case studies using 
reflectance imaging spectroscopy (RIS) to identify and map artist materials in situ as well as 
improve the visualization of preparatory sketches and paint changes.
Visible and NIR RIS has been shown to be a useful tool to map and identify various artists’ 
pigments [1]. This approach has utilized both electronic transitions (color) and vibrational 
overtones and combination bands like those arising from hydroxyl and carbonate groups. 
Utilizing analysis methods developed for 
remote sensing we have been able to identify 
and map the pigments used in a variety of 
paintings, including Picasso’s “Harlequin 
Musician” (1924) and an Early Italian 
Renaissance painting such as Cosimo Tura’s 
‘The Annunciation with Saint Francis and 
Saint Louis of Toulouse’ (c. 1475) [2].
Recently we have found RIS to be useful in 
mapping and identifying paint binders.  
Identification and mapping of these organic 
materials is done using chemical signatures 
associated with amide bonds, -CH2, -OH, and 
–CO3 groups. To date we have mapped (i)
the use of egg yolk binder in an illuminated 
manuscript (‘Praying Prophet’) attributed to 
Lorenzo Monaco and (ii) the selective use of animal skin glue and egg yolk in Cosimo Tura’s 
‘The Annunciation with Saint Francis and Saint Louis of Toulouse’. In the Tura example, the 
NIR RIS also provided increased visibility and a better understanding of preparatory sketches 
and compositional paint changes compared to the prior monochromatic broadband and multi-
spectral imaging methods.
[1] J. Delaney, A. et al. Applied Spectroscopy  2010, 64, 6, 584
[2] K. Dooley, D. Conover, L. D. Glinsman,, J. Delaney, Angew Chem Int Ed Engl. 2014, 50, 13775
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M. Picollo(1), A. Casini(1), C. Cucci(1), L. Stefani(1), C. L. Koch Dandolo(2) and
P. Uhd Jepsen(2)  
(1) “Nello Carrara” Institute of Applied Physics of the National Research Council (IFAC-CNR), Via Madonna 
del Piano 10, 50019 Sesto Fiorentino, I
(2) DTU Fotonik, Technical University of Denmark, Ørsteds Plads, 2800 Kgs. Lyngby, DK 
Imaging techniques are extensively used to perform non-invasive documentation and 
inspection of the layers of different materials constituting paintings as well as their physical 
structures. Presently the working ranges of those techniques span from the X-ray up to the 
GHz e.m. regions. In the present communication, special devices designed to acquire images 
in the Vis-NIR and THz ranges that simultaneously provide spatial and spectral information 
of the viewed scene will be discussed. Specifically, the results obtained on the paint layers 
and the internal structure of a painted wood panel reconstructed according to a medieval 
technique described by Cennino Cennini will be used to test the performances of a Vis-NIR
hyper-spectral imaging device and a transportable THz-TDS imaging system.
Hyper-Spectral Imaging has emerged in the last decade as one of the most promising 
technologies for diagnostics and documentation of polychrome surfaces, and it is still 
recognized as one of the latest frontier for non-invasive investigation of paintings. The data-
set obtained are processed to obtain both high-quality reproductions and spectral information 
needed for identification and characterization of the pictorial materials. 
Over the past two decades, THz technology has gained in importance and visibility as an 
emerging technique to be applied in a variety of fields. Regarding panel paintings, THz Time 
Domain Spectroscopy (TDS) imaging can be used to visualize the internal structure of 
materials in a non-invasive way. In THz-TDS stratigraphy, each pixel of a scan-line contains 
information about the strength of the reflected THz signal as a function of the time-delay of 
the signal. Since the time delay is proportional to the penetration depth of the signal which is 
reflected, the image contains stratigraphic information. The area-related information on the 
layer of interest is obtained by extracting the corresponding peaks in time domain signals.
This work focuses on exploring the optimal instrumental setups for the presented imaging 
devices regarding, in particular, the possibility to obtain high quality images and identify 
pictorial materials as well as to produce an accurate stratigraphic analysis of the various 
materials including the capacity to isolate images of individual layers of interest.
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High-Resolution 3-Dimensional Backscattered-Electron 
Imaging of Paint Cross Sections 
Katrien Keune(1,2), Annelies van Loon(1), John Drennan(3), Robyn Webb(3), Ron 
Rasch (3), Florian Meirer(4), Ella Hendriks(5) and Gillian Osmond(6)
(1) Van’t Hoff Institute for Molecular Sciences, University of Amsterdam, Netherlands 
(2) Rijksmuseum Amsterdam, The Netherlands
(3) Centre for Microscopy and Microanalysis, University of Queensland, Brisbane, Australia  
(4) Debye Institute for Nanomaterials Science, Utrecht University, The Netherlands 
(5) Van Gogh Museum, Amsterdam, The Netherlands 
(6) Queensland Art Gallery,Gallery of Modern Art, Queensland, Australia 
Recent advances in scanning electron microscopy techniques have provided conservators and 
paintings scientists with a tool to build detailed, high resolution 3-dimensional (3D) images of 
paint cross sections. The Gatan 3View instrument is a microtoming system that fits into the 
chamber of a modern scanning electron microscope (in this case a Zeiss, Sigma). The working 
principle consists of a serial sectioning of the sample while recording a backscattered-electron 
image of the remaining sample block (after each cut). The thickness of the slices is precisely 
controlled with a minimum achievable thickness of about 50 nm. The series of recorded, 
subsequent images is then reconstructed to provide a 3-dimensional representation of the 
sample. The system is designed to operate at low accelerating voltages (1.3 kV), which 
minimizes beam damage. It provides high-resolution images (pixel size: 9.7 nm) of all the 
components making up the paint layers. This technique is particularly suited for the analysis 
of paint layers as the various components can be discriminated on the basis of their 
differences in scattering contrast. 
The sectioning technique has been used for the first time on embedded paint samples from oil 
paintings. This paper presents samples from Frederic Leighton’s Winding the Skein and 
Vincent Van Gogh’s Sunflowers. The technique has provided clear 3D maps of the paint layer 
structure (Figure 1). Image analyses of the 3D maps were performed attempting to quantify 
and localize the individual paint components, based on their differences in image contrast. 
The information provides deeper insights into critical aging and degradation processes that are 
taking place in these important art works. 
Figure 1: 3D imaging of a 
cross section of Van Gogh's 
"Sunflowers". (a) The block 
face has been imaged at 10 
nm pixel size after removal of 
50 nm thick consecutive 
slices and a 3D volume of the 
sample has been 
reconstructed (b). (c) Based 
on the image contrast the 
data volume was then 
segmented into pore space 
(yellow), binding medium 
(blue), lead chromate (red) 
and unidentified material 
(green). 
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UV/visible photoluminescence multispectral imaging of 
archaeological copper-based artefacts. 
Tatiana Séverin-Fabiani(1,2), Mathieu Thoury(1,2), Luc Robbiola(3), Benoît  Mille(4),
Matthieu Réfrégiers(2) and Loïc Bertrand(1,2)
(1) IPANEMA, USR3461, CNRS, Ministère de la Culture et de la Communication, BP 48 St Aubin, 91192 Gif-sur-
Yvette cedex, France 
 (2) SOLEIL Synchrotron, BP 48 St Aubin, 91192 Gif-sur-Yvette cedex, France 
(3) TRACES, UMR5608, Université de Toulouse II – Le Mirail, Maison de la Recherche, 5 allée Antonio Machado, 
31058 Toulouse Cedex 9, France 
(4) C2RMF, UMR171, CNRS, Palais du Louvre – Porte des Lions, 14 Quai François Mitterrand, 75001 Paris, France 
Copper-based archaeological artefacts show spatial heterogeneity in elemental (major, minor and 
trace elements) and phase composition, and in defects nature and density. This heterogeneity results 
both from metallurgical processes and corrosion mechanisms, and is multi-scalar from the 
nanoscale up to hundreds of microns. The characterisation of such materials is therefore particularly 
challenging, while it is essential to inform on manufacturing and corrosion. 
Cu- and Sn-based alteration products, such as oxides encountered in natural patinas formed during 
long-term alteration, can be semiconductors with gaps between ca. 3.6 and 2.1 eV. Here, we report 
the study of cross-sections using a photoluminescence (PL) full-field microscope coupled to the 
DISCO synchrotron beamline. The excitation tunability of the source allowed collecting specific PL 
emissions from such compounds while exciting between 200 to 600 nm and detecting from 320 to 
1100 nm. This novel approach allows imaging cross-sections at the diffraction limit, over large 
spatial dynamics covering 4 orders of magnitude from 0.3 to 2000 μm.
Metallurgical processes can be inferred through the study of remains discovered during the 
excavation of ancient workshops. Here, a typical sample from Bibracte archaeological site (France) 
provides insight on the bronze metallurgy of the Celtic civilization in the pre-Roman period (ore 
smelting, alloy elaboration process at high temperature). The corresponding remain is highly 
heterogeneous, including submicronic to micronic neo-formed glassy species, oxides but also 
metallic phases. Under UVC excitation, variability in the PL response was evidenced at the 
crystallite edges within cuprous oxide crystals, even if they were found homogeneous in 
composition from X-ray characterization. Such heterogeneity could be related to vacancies in the 
crystal lattice or to elemental impurities, linked to the bronze casting process. Such PL signals could 
therefore provide new clues to better understand the solidification in high-temperature metallurgical 
processes. The samples studied are part of a larger project involving copper-based archaeological 
artefacts from France and Pakistan (6000 up to 2000 year BP). 
To tackle the study of such multi-scalar heterogeneous systems, several key instrumental 
parameters were optimized in the course of this research: (a) The 150-nm lateral resolution attained 
provided the clue to resolve submicrometric variations in the electronic band structure of Cu and Sn 
phases. (b) Millimetric fields of view could be imaged with the aim to characterize the distribution 
of submicron crystal defect fluctuations. (c) The stability in intensity of the synchrotron source was 
exploited to intercompare PL signatures within each sample.
This PL approach opens new ways of characterizing micro-crystalline phases in ancient metallic 
artefacts, and could bring new markers to define alloy compositions and ancient metallurgical 
processes.
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Nonlinear imaging microscopy modalities are well established techniques for biological 
applications [1]. Recently they have been employed for Cultural Heritage (CH) studies providing 
very promising results related to the exact thickness determination and compositional identification 
of fresh varnish protective layers [2], pigments [3], historical coatings [4] and corrosion layers [5].  
The progressive deterioration of the outer protective layers of the original painted artworks due to 
aging, is a crucial problem with high significance for conservation scientists. In this study we 
describe the use of nonlinear methods as an analytical diagnostic tool for the elucidation of this 
essential problem of aging. It was shown that, while Third Harmonic Generation (THG) 
measurements identified the thickness of the different layers via the simultaneous realization of 
Multi-Photon Excitation Fluorescence (MPEF) imaging, it was feasible to obtain novel information 
related to the precise assessment of degradation of two artificially aged natural varnishes as a 
function of depth. The triterpenoid varnishes dammar and mastic were tested. The measured 
thicknesses of the affected regions due to aging, differ significanlty from the calculated mean 
penetration depths of the samples. The employed nonlinear imaging microscopy techniques 
provide, except from thickness determination of the different layers, in depth unique information 
related to the estimation of the threshold for the degradation procedure due to aging effects of the 
varnish protective layers. Such information could assist any restoration process and makes possible 
the implemantation of this non destructive technique for real case studies, such as the removal of 
the aged varnish layers of original painted artworks. Furthermore, single photon surface Laser 
Induced Fluorescence (LIF) measurements and Raman spectroscopy have been employed for the 
integrated investigation and analysis of aging effects in natural varnishes. It was shown that these 
techniques can provide complementary molecular and chemical information of the samples and act 
cooperatively with the nonlinear microscopic modalities. 
[1] W.R. Zipfel, R.M. Williams, W.W. Webb, Nature Biotechnology (2003) 21, 1369  
[2] G. Filippidis, E. J. Gualda, K. Melessanaki, C. Fotakis, Optics Letters (2008) 33, 240  
[3] G. Filippidis, G.J. Tserevelakis, A. Selimis, C. Fotakis, Applied Physics A: Materials Science & Processing (2015) 
Doi: 10.1007/s00339-014-8357-8  
[4] G. Latour, J.P. Echard, M. Didier, M.C. Schanne-Klein, Optics Express (2012) 20, 24623  
[5] F. Faraldi, G.J Tserevelakis, G. Filippidis, G.M. Ingo, C.  Riccucci, C. Fotakis, (2013) Applied Physics A 111, 177  
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We developed a technique that can detect and identify molecular tracers of specific foodstuffs 
in archaeological artifacts with unprecedented specificity and sensitivity. We use a laser pulse 
to vaporize very small amounts of material, either from extracts or directly from pottery 
material without need for extraction or other sample preparation. We analyze the vapor with a 
combination of laser spectroscopy and mass spectrometry. This combination allows us to 
identify molecules not only by mass, but also by the color of light absorbed with very high 
resolution, distinguishing different forms of the same molecule, such as isomers. 
The Maya used elaborately decorated cylindrical vessels at feasts and ceremonies that have 
been associated with drinking cocoa. We analyzed 13 vase fragments (12 cylinder and 1 drum 
base) for cacao residues. The ceramic sherds were recovered by Anabel Ford from settlements 
near the Classic Maya center of El Pilar. The settlements with vases suggest privileges and it 
is posible they were invovled with what today we might call cash crops, including cacao, still 
grown in the region today. What is not clear, however, is whether or not the residents of these 
prosperous Maya were, as is assumed, drinking cocoa in these distinctive vessels.   
Cacao is characterised by methylxanthyne 
isomers, where theobromine is always more 
abundant than theophylline. Our technique 
can unambiguously distinguish between these 
two isomers. Surprisingly, the analysis of 12 
cylinder fragments revealed more of the 
minor component theophylline. This 
molecular signature does not fit with what one 
would expect for a pure cacao beverage. Our 
results suggest that these vessels were used, at 
least in part, for beverages made from other 
than the regular cacao seeds or prepared or 
handled in different ways. By contrast, 
analysis of a drum base vessel revealed an 
isomeric ratio with theobromine being the 
most abundant isomer. Our findings suggest 
that the drum base vessel contained the
expected signature of cacao, while the 
cylindrical vessels were more complex. This 
finding sheds new light on the use of cacao
beverages in Mesoamerica and among the Maya. 
REMPI spectra, recorded at the mass 180. Dashed 
spectra from model compounds, solid spectra from 
pottery.
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Proteins are an important constituent in many art and cultural heritage objects. Notable 
protein sources are paint binding media, (egg white, egg yolk, animal glue and milk caseins) 
adhesives (animal glues and milk caseins), parchment and leather, textiles (wool, silk), 
mortars and many archaeological remains.  
In recent years, proteomics procedures have become increasingly popular for the 
characterization of proteinaceous materials in ancient samples of several cultural heritage 
objects. The knowledge of the materials used in a work of art is crucial, not only to give an 
insight in the historical context of objects and artists, but also to analyze degradation 
processes taking place in aged objects and to develop appropriate conservation and/or 
restoration treatments.  
In general, proteomics technologies provide compositional information identifying proteins 
by matching tandem mass spectra of individual peptides from an enzimatically digested 
sample to cognate sequences in a protein database. Although these are destructive analysis, 
modern mass spectrometry instrumentation enables the characterization of proteins with 
extremely high sensitivity even in crude mixtures in which the dynamic range of components 
abundance exceeds 1000-fold, and on very limited amounts of sample, typically less than 10 
μg. Moreover, due to the unrivaled ability to unambiguously identify peptides, it is possible to 
obtain very detailed information about the individual proteins occurring in cultural heritage 
samples, with reduced sample pre-treatment, short analysis times and relatively easy 
interpretation of results. Finally, this approach is also successfully applied for species 
determination, i.e. for the evolutionarily conserved collagen found in animal glue or for 
distinguishing casein binders originating from milk of different species, even in mixture. 
Degradation is also visible at the molecular level; protein deamidation has been identified as 
an important biomolecular marker of the deterioration and natural aging of proteins in artistic 
and archeological materials. Deamidation of asparaginyl and glutaminyl residues can acts as 
diagnostic tool to evaluate the degradation state of the sample, since it is strongly influenced 
by conservation environmental factors, such as humidity, temperature, and pH. 
Herein several applications of proteomics strategies to a wide range of samples, including 
prehistoric flake and bones, ancient ink [1], paintings [2, 3], human bones will be presented, 
showing the potentialities of the proteomics approach. 
 [1] KL. Rasmussen, A.Lluveras Tenorio, I. Bonaduce, M.P. Colombini, L. Birolo, E. Galano, A. Amoresano, G. 
Doudna, A.D. Bond; V. Palleschi, G. Lorenzetti, S. Legnaioli, J. van der Plicht, J. Gunneweg. J Archaeol Sci. 
39(9), 2012, 2956-2968 
[2] G. Leo, L. Cartechini, P. Pucci, A. Sgamellotti, G. Marino, L. Birolo. Anal Bioanal Chem, 395(7), 2009, 
2269–2280. 
[3] G. Leo, I. Bonaduce, A. Andreotti, G. Marino, P. Pucci, M.P. Colombini, L. Birolo. Anal Chem, , 83(6), 
2011, 2056-64. 
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Direct temperature-resolved mass spectrometry (DTMS) is an analytical technique in which 
small (μg) amounts of sample are applied to a filament and introduced into the ion source of a 
mass spectrometer. While the filament is heated by a programmed current, gaseous 
compounds emanating from the sample are continuously monitored. Typically, electron 
ionization is applied as ionization technique with a low electron energy in order to reduce the 
formation of non-specific low mass fragment ions. DTMS has been applied for the analysis of 
varnishes and binding media in paintings [1]. It is a fast fingerprinting method particularly 
suitable for the characterization of oils, resins, waxes and other classes of organic compounds 
in tiny and complex samples of paintings.
DTMS results reported thus far have been obtained almost exclusively by instruments with 
nominal mass resolution. Although higher mass resolutions can be achieved by magnetic 
sector mass spectrometers, the sharp drop in sensitivity of such instruments with increasing 
mass resolution precludes their high-resolution operation in DTMS. Modern time-of-flight 
mass spectrometers however provide high resolution and high sensitivity simultaneously. 
High resolution mass spectrometry enables the distinction of nominally isobaric ions of 
different elemental compositions. The availability of accurate mass information adds another 
dimension to the data, which may be graphically presented in so-called ‘Kendrick plots’ [2]. 
The high duty cycle and consequently high sensitivity of time-of-flight instruments enables 
the use of smaller sample sizes and opens new possibilities for combining DTMS with 
microscopic sample preparation techniques.
This paper presents recent investigations of the painting of Saul and David (c.1650-55) by 
Rembrandt and/or Studio from the Mauritshuis, and the eighteenth-century decorative 
ensemble of paintings (c. 1718) by the Venetian artist Antonio Giovanni Pellegrini that was 
commissioned for the Golden Room of the Mauritshuis. A Waters GCT Premier time-of-
flight mass spectrometer (Shell Technology Centre Amsterdam) was used. These paintings 
have recently undergone extensive conservation treatment. Their appearances were severely 
compromised by the presence of old restoration layers and surface crusts. DTMS proved to be 
a useful technique for the identification and interpretation of these thin, non-original surface 
layers. This information was crucial for guiding conservation strategies.
[1] Scalarone, D., van der Horst, J., Boon, J.J., Chiantore, O. Direct-temperature mass spectrometric detection of 
volatile terpenoids and natural terpenoid polymers in fresh and artificially aged resins.  J. Mass Spectrom., 2003, 
38, 607-17. DOI: 10.1002/jms.470 
[2] Sato, H., Nakamura, S., Teramoto, K., Sato, T. Structural characterization of polymers by MALDI spiral- 
TOF mass spectrometry combined with Kendrick mass defect analysis. J. Am. Soc. Mass Spectrom., 2014. DOI: 
10.1007/s13361-014-0915-y
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Sicilian amber (simetite) has been found along the eastern shores of Sicily at about 40 Km 
from Catania near the estuary of the Simeto river and on the beaches of the iblean littoral. 
This rare variety of amber with colors ranging from pale yellow to dark red dates back to the 
Miocene. Simetite was probably already known in the Iron Age although not handled or 
traded since Baltic amber was preferred. Actually, no simetite sediments are known and 
therefore studies of Sicilian amber cannot make use of samples taken from deposits, but  have 
necessarily to recur to fragments that had been collected in the past, such as those conserved 
in Museum Collections. As a consequence, uncertainty about the geographical and geological 
origin and degradation phenomena related to display/storage conditions may affect the 
research results. Analytical studies on Sicilian amber are rather few. Fourier Transform 
Infrared (FTIR) spectroscopy has been used [1] as well as pyrolysis-gas chromatography-
mass spectrometry (Py/GC-MS) [2], although no identification of compounds has been 
attempted. 
In this study some samples of simetite from the collection of the Museo di Scienze della Terra 
of the Geo-environmental and Earth Sciences Department (University of Bari Aldo Moro) 
were analysed by Py/GC-MS with and without thermally assisted hydrolysis and methylation 
(THM) using tetramethylammonium hydroxide (TMAH). It was shown that in this way resin 
acid methyl esters are efficiently produced [3,4] and a complete characterisation could be 
performed. Comparison with data on Baltic and Romanian amber, both from own sample 
analyses [5] and literature [3,6], was carried out.
 
 
Fig. 1 - Simetite from the collection of the Museo di Scienze della Terra of the Geo-environmental and Earth 
Sciences Department (University of Bari Aldo Moro)
[1] C.W. Beck, Applied Spectroscopy Review 22, 1986, 57. 
[2] G.C. Galletti, R. Mazzeo, Rapid Communications in Mass Spectrometry 7, 1993, 646. 
[3] K.B. Anderson, R.E. Winans, Analytical Chemistry 63, 1991, 2901. 
[4] O.O. Sonibare, R.J. Huanga, D.E. Jacob, Y. Nie, E. Kleine-Benne, T. Hoffmann, S.F. Foley, Journal of 
Analytical and Applied Pyrolysis 105, 2014, 100. 
[5] I.D. van der Werf, A. Aresta, G.I. Truică, G.L. Radu, F. Palmisano, L. Sabbatini, Talanta 119, 2014,  435. 
[6] E.C. Stout, C.W. Beck, K.B. Anderson, Physics and Chemistry of Minerals 27, 2000, 665. 
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2SWLFDO&RKHUHQFH7RPRJUDSK\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– DQRYHO WRROIRU
H[DPLQDWLRQRIDUWZRUNV
Piotr Targowski(1), Magdalena Iwanicka(2), Marcin Sylwestrzak(1), Ewa 
Kaszewska(1), and Anna Szkulmowska(1) 
(1) Institute of Physics, Department of Physics, Astronomy and Informatics, Nicolaus Copernicus University, 
ul. Grudziądzka 5, 87-100 ToruĔ, Poland
(2) Institute for the Study, Restoration and Conservation of Cultural Heritage, Nicolaus Copernicus University, 
ul. Sienkiewicza 30/32, 87-100 ToruĔ, Poland
Optical Coherence Tomography (OCT) is an originating from medicine diagnostic non-
contact and non-invasive technique of optical sectioning. The OCT technique offers a 
micrometre-level in-depth resolution and therefore is well suited for investigation of fine sub-
surface details of structures which absorb infrared light moderately, such as varnishes, glazes 
and underdrawings of paintings on canvas (Fig), reverse painting on glass, glazes on porcelain 
and faience, jade, historic glass, and many others [1]. Images obtained by OCT are usually 
presented in convenient manner of cross-sectional views, similar to microscopic photographs 
of cross-sections of samples collected from the object.  
The major advantage of using OCT is in the complete non-invasiveness of the technique 
(intensity of light used for examination is of order of single miliwatts), very fast data 
collection, and no need for any preparation of the object. Therefore the examination may be 
repeated as many times as necessary in many places, thus making the obtained results much 
more representative than obtained from sample collection. 
During the lecture firstly a brief introduction to the technique will be presented and essentials 
of the construction of the OCT instruments will be given. Then using examples from our 
practice it will be shown how the OCT technique may be used to examine the structure of 
artworks, trace former conservation attempts, and be useful for monitoring some restoration 
procedures. All results to be shown have been obtained with a spectral domain portable high 
resolution OCT system built by the authors especially for examination of objects of art in situ.  
[1] P. Targowski, M. Iwanicka, Applied Physics A 106(2), (2012),  265-277. 
The research leading to these results was funded by the European Commission, FP7 Research Infrastructures 
Program, CHARISMA Project (grant no. 228330) and  the Polish Government. 
200 ʅm 
Exemplary results of the OCT examination (a cross section) of a painting on canvas (P. Franck, Portrait of sir 
John Wylie, 1815). Light approaches from the top. For better readability, image is stretched in in-depth direction 
(as indicated by scale bars) and shown in false colours where cold colours indicate areas of low scatter whereas 
warm ones indicate areas of high scatter. Black areas correspond to either non-scattering media like air above the 
object or regions not reachable by the probing light - below the surface of the first opaque layer (e.g. the paint). 
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Further thoughts and case studies on ‘Virtual Cleaning’ 
G. Trumpy(1), J. K. Delaney(1) and M. Picollo(2)
(1) Scientific Research Department, National Gallery of Art, Washington DC, USA 
(2) Institute of Applied Physics, National Research Council, Firenze, Italy 
A varnish of a painting is a thin transparent layer in intimate contact with the rough paint 
surface. Artists apply varnishes to increase gloss and color saturation. Research has shown 
that the varnish minimize the light scattering from the rough paint layer by forming a 
smoother surface at the air/varnish interface than that at surface of the painting [1,2]. Since 
the refractive index of the varnishes is close to that of the paint binders, the contribution of 
surface reflection and scattering from the varnish/paint layer interface is insignificant. 
The aging of many varnishes results in yellowing (absorption) and occurrence of micro-cracks 
(scattering); these changes have an impact on the appearance of the paintings overtime. 
Various researchers [3] have explored the ‘virtual cleaning’ through the removal of the optical 
effect of the aged varnish either by making mock-ups [4], or treating the aged vanish as a 
yellow filter. These studies have been hindered by the inability to test success. 
Here we describe the results of comparing various virtual cleaning models using experimental 
spectral data sets from painting undergoing real cleaning; hence being able to compare the 
predicted reflectances with those measured after cleaning. This combined theoretical and 
experimental approach allows testing models used to date as well as proposing new models. 
Both point based reflectance spectroscopy (FORS) and hyper-spectral imaging is done before 
and after removal of the aged vanish. The removed varnish that has been absorbed in cotton 
swabs is re-dissolved in the solvent used by the conservator for the cleaning tests: additional 
useful information is provided by the transmission spectrum of this solution [5]. 
The theoretical models being considered for the aged varnish include several contributions: a 
yellow filtering due from degradation products (I), light scattering due to micro-cracks of the 
aged varnish (II), the accumulation of grime if multiple layers of varnish are present (III) and 
finally differences in scattering at the air/varnish interface from the new varnish (IV). The 
hyper-spectral reflectance cubes before and after vanish removal provides the metrics to 
assess the success of the modeling, including differences in reflectance spectra as well as 
colorimetric values such as a*, b*, and ĀE.
This description of virtual cleaning has already been reported as result of past collaborations 
[5] with a number of case studies such as paintings of Willem Kalf, (“Still Life”, c. 1660) and 
Titian (“Venus with a Mirror”, c. 1555). This paper presents further case studies: in 
particular, the virtual cleaning of a painting by Seurat. FORS measurements following the 
cleaning process identified the presence of material absorbing uniformly form 350 to 2500 
nm, which was later determined by cross-sectional view to be fine grime between two vanish 
layers. This complex case required the consideration of all four contributions outlined above. 
Another painting with an aged yellow vanish being investigated is by Jean-Baptiste Greuze (c. 
1759) and has large sections of white, blue and red. 
[1] E.R. de la Rie, Studies in Conservation 32, 1987, 1-13. 
[2] L. Simonot and M. Elias, Color Research and Application 28(1), 2003, 45-49. 
[3] C.M. Palomero and M. Soriano, Optics Express 19(21), 2011, 21011-21017. 
[4] P. Cotte and D. Dupraz, 3rd European Conference on Colour in Graphics, Imaging and Vision, 2006. 
[5] J.K. Delaney et al., 39th Annual Meeting of the American Institute for Conservation, 2011. 
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1HZJHQHUDWLRQRIRSWLFDOFRKHUHQFHWRPRJUDSK\IRUDUW
Haida Liang(1), Chi Shing Cheung(1), Masaki Tokurakawa(2) Jae Daniel(2), W. 
Andrew Clarkson(2) and Marika Spring(3)
(1) School of Science & Technology, Nottingham Trent University, Nottingham NG11 8NS, UK
(2) Optoelectronics Research Centre, University of Southampton, Highfield, SO17 1BJ, UK
(3) Scientific Department, National Gallery, London, WC2N 5DN, UK
In the last 10 years, Optical Coherence Tomography (OCT) has been successfully applied to 
the non-invasive and non-contact imaging of subsurface stratigraphy and microstructure of 
historical objects such as paintings. In this talk, we present the latest development in OCT 
instrumentation and data processing that overcomes current limitations in depth resolution, 
depth of penetration and probing of chemical information.
Increasing the depth resolution needs broadband sources at shorter central wavelengths but
increasing the probing depth needs sources at longer wavelength than currently employed in 
OCT systems. The opposing demands of resolution and penetration mean that we need to 
build two OCTs to cover the different requirements of the various questions being 
investigated when imaging paintings. To achieve this, two new OCT systems have been built 
so that when used in conjunction, they would aim to match the information from conventional 
microscopic examination (invasive) of sample cross-sections:
x An ultra-high resolution OCT at 800nm that gives depth resolution of ~1.2 microns in 
varnish and paint optimised for imaging at high depth resolution relatively transparent 
materials such as multiple thin varnish layers on painting surfaces. The OCT images 
were found to have superior contrast for imaging multiple varnish layers and some 
paint layers compared with conventional microscopic examination of paint cross-
sections.
x A long wavelength OCT at 1960nm for deeper penetration suitable for imaging objects 
consisting of relatively opaque material at shorter wavelength. A broadband 
supercontinuum laser source was developed for the OCT to achieve a moderately high 
depth resolution of 9 microns in paint. The OCT was shown to reveal layer structures 
of paint that is highly scattering or highly absorbing at shorter wavelengths. 
Underdrawings of superior contrast and resolution were obtained with this OCT 
through opaque paints such as malachite.
x Depth resolved pigment identification through extraction of spectral reflectance per 
layer is achieved using a new data processing method.
The presentation will be focused on the applications rather than the instrumentation which has 
been described in previous publications [1,2,3]. 
[1] C. S. Cheung, J.O.M. Daniel, M. Tokurakawa, W. A. Clarkson, H. Liang, Optics Letters, 39, 2014, 6509-
6512
[2] C. S. Cheung, J.O.M. Daniel, M. Tokurakawa, W. A. Clarkson, H. Liang, Optics Express, 23(3), 2015, 1992-
2001
[3] C. S. Cheung, H. Liang, Proc. SPIE, 8790, 2013, 87900M
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Terahertz Imaging for Painting Analysis 
M. Barucci(1), R. Camblor(2), H. Dibeklioglu(3), G. Hotopan(2),
M. Fernández Díaz(4), M. Fernández(2), R. Fontana(1), M. Flórez Igual(5),
J. Gutiérrez Meana(4), A. Hadarig(2), W. Kouw(3), F. Las Heras(2),
L. van der Maaten(3), C. Vázquez(2), and S. Verhoeye(2)
(1) Istituto Nazionale di Ottica, Largo Fermi 6, 50125 Firenze, Italy. 
 (2) University of Oviedo, Edificio Polivalente s/n, mod. 8, 1a planta E-33203, Gijón, Spain. 
(3) Delft University of Technology, Mekelweg 4, 2628 CD Delft, The Netherlands. 
(4) Treelogic, Parque Tecnológico de Asturias, parcela 30, 33428 Llanera, Spain. 
(5) Museo de Bellas Artes de Asturias, Santa Ana 1-3, 33003 Oviedo, Spain. 
Advanced imaging techniques are becoming increasingly important in the analysis of 
paintings. Specifically, art experts routinely use IR reflectography and x-rays.  IR 
reflectography, either performed by means of standard Si CCD, vidicon camera or other 
InGaAs detectors, operates at wavelengths from 800-1100 nm, 800-2000 nm or 800-2500 nm, 
respectively, allowing it to partly penetrate the visible paint layers to uncover hidden 
components or underdrawings in the painting. By contrast, x-rays operate at much shorter 
wavelengths than visible light; different materials absorb x-rays differently (e.g., paints that 
contain heavy atomic elements such as lead white or vermilion red absorb x-rays more than 
other paints). The different techniques greatly differ in the kind of information they reveal and 
complement each other. 
In this study, we investigate the use of terahertz imaging for the analysis of paintings. 
Terahertz waves, with a much higher wavelength ranging from about 1 mm to 0.1 mm, are 
able to penetrate the paint layers much deeper than IR radiation. Compared to x-rays, THz 
waves are non-ionizing because they do not have enough energy to knock electrons off atoms, 
being, thus, safe for both artworks and users. The material specific interaction, which differs 
from other wavelengths, gives complementary information concerning the paint layers 
composition.
Despite its potential, hitherto, terahertz imaging has hardly been applied in painting analysis 
primarily because of its high costs. We developed a new, cost-effective system for terahertz 
imaging that makes this technology much more accessible to art experts. In this study, we 
present the details of our new system, as well as images obtained with our system of artificial 
samples (made with early 20th-century paint materials) and of an anonymous still life, using 
up to 221 different frequencies. In addition, we present the results of experiments on the 
artificial samples with classifiers that are trained to recognize whether or not a certain type of 
paint is present at a particular location on the canvas based on the terahertz response spectrum 
measured at that location. The results of these experiments provide insight into what types of 
paints can be identified based on terahertz images, and what types cannot be distinguished. 
The research leading to these results has received funding from the European Union Seventh 
Framework Programme (FP7/2007- 2013) under grant agreement no. 600849 (INSIDDE). 
O-37
TECHNART 2015 INVITED AND ORAL CONTRIBUTIONS
,GHQWLILFDWLRQRIKLGGHQWH[WVLQIROGHGDQGUROOHGSDS\UL
H.E. Mahnke(1,2), M. Krutzsch(3), V. Lepper(3,4), and K. Mahlow(5)
(1) Freie Universität Berlin, FB Physik and TOPOI, Arnimallee 14, D-14195 Berlin, Germany, 
 (2) Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, D-14109 Berlin, Germany, 
(3) Ägyptisches Museum und Papyrussammlung, Staatliche Museen zu Berlin, D-10117 Berlin, Germany, 
(4) Humboldt Universität zu Berlin, F Theologie, D-10178 Berlin, Germany, 
(5) Museum für Naturkunde, Leibniz-Institut für Evolutions- und Biodiversitätsforschung, D-10115 Berlin, 
Germany. 
In collections in various museums around the world there are numerous objects of folded and 
rolled ancient papyri and other manuscripts often inscribed with texts of historic and 
archaeological value. To make such texts readable, tedious procedures (and sometimes totally 
unsuccessful) are necessary for unfolding and unrolling these delicate and brittle objects. 
With recent progress in x-ray tomography CT with respect to resolution (i) and sensitivity (ii) 
it is now possible to develop procedures for a virtual solution:  
(i)  The recent reading by x-ray CT of a Mandaic text impressed onto a thin pure lead foil and 
rolled [1] nicely illustrated the achievements in resolution, and  
(ii) a demonstration on a parchment scroll from the Norfolk archive dating from the year 1778 
as an example for organic material showed that if metal containing inks such as iron gall ink 
were used the inscription is disclosed by a tomographic virtual unrolling [2].  
We have started a project to apply and adapt the CT procedure to papyri, presenting a further 
difficulty due to the inhomogeneity of the material. In this project we develop a procedure for 
sorting out proper objects suitable for tomographic inspection. With x-ray fluorescence, 
possible objects are first screened for metal containing ink like iron or copper from iron gall 
or copper vitriol. Only objects with positive metal signals are then chosen for tomographic 
scans. With mock-up samples prepared for demonstration from modern material (papyrus and 
ink) with and without written symbols, we have fully tested our approach from the XRF 
screening to the complete CT procedure. A first application to a small papyrus package from 
the excavation 1904/5 in Ashmunein by O. Rubensohn will be presented.  
[1] D. Neuber, Chr. Reinhart, Giesserei-Rundschau 59 (2012) 133-135. 
[2] T. Wess, K. Patten, G. Davis, D.  Mills, T. Evershed, P. Rosin, D. Marshall, Y. Lai: Apocalypto project – 
 Unrolling the unrollable. 2012, http://apocalypto.org.uk/. 
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The use of GC/MS as a principal analytical method for 
identifying binding media used in late medieval and early 
modern wall paintings in the Low Countries 
Karin Keutgens(1)(2), Anna Lluveras-Tenorio(3), Maria Perla Colombini(3), Peter 
Vandenabeele(1) and Anna Bergmans(4)
(1) Ghent University, Department of  Archaeology, Sint-Pietersnieuwstraat 33-35, 9000 Ghent, Belgium 
 (2) Viering bvba, Antwerpsesteenweg 56, 2500 Lier, Belgium, 
(3) University of Pisa, Department of Chemistry and Industrial Chemistry, Via Risorgimento 35, 56126 Pisa, 
Italy
(4) Ghent University, Department of Art History, Sint-Pietersnieuwstraat 41  B4, 9000 Ghent, Belgium The text 
of your abstract should be entered here.   

The material technical study of painting techniques generally focusses on pigment rather than on 
binding media identification. However, much more than the pigments, the binding media define both 
the material characteristics (such as gloss, transparency, tactility, layer thickness, …) and the alteration 
aspects (such as craquelé, flaking, …) of a paint layer. In contrast to pigment analysis, for which 
nowadays accurate results can be obtained relatively fast and easily by means of instrumental methods 
that moreover are non-destructive and/or non-invasive, binding media analysis until today remains 
very complex and still requires sampling.
Binding media used in wall paintings are very varied and can be of both inorganic and organic origin. 
As such paint layers are always executed on porous inorganic supports, the analysis and identification 
of the binders are even more complex due to diffusion, degradation and alteration of the organic 
substances mainly. Because of these problems, binding media are analyzed less frequently in respect 
to pigments when historical painting techniques, wall painting techniques in particular, are studied. 
This is not only the case for the Low Countries but for all European countries. In the Low Countries, a 
systematic study of binding media in wall painting was never carried out before. 
This paper presents the results of binding media analysis of approximately 50 samples taken from 
about ten different medieval and early modern wall painting sites in the Low Countries. Since in-situ 
observations of the wall paintings reveal a wide range of surface appearances and aspects, many 
different organic binders or mixtures of them were expected. Consequently, a Gas Chromatography-
Mass Spectrometry (GC/MS) combined procedure was chosen as principal instrumental analysis 
method. GC/MS was carried out after a multistep wet chemical pretreatment and separation of the 
samples allowing the analysis of lipids, proteinaceous and polysaccharide materials in the same micro 
paint sample [1]. All samples were manually sub-sampled to simultaneously allow both the study of 
cross-sections of the sample build-up by Optical Microscopy and the GC/MS analysis of the same 
paint fragments.
When possible, paint samples were manually separated in order to study the distribution of materials 
in the sample build-up. 
The procedure used highlighted the presence of diverse organic substances in the samples.  Almost all 
samples contained more than one organic component, sometimes belonging to the same chemical 
family. As a consequence, in some of the cases additional analytical methods were required to 
completely characterize the painting system.
The results provide for the first time a broader view on the wall painting techniques used in the 
period and region under study.  Based on the results, the presentation wants to emphasize the 
necessity of binding media analysis as a fundamental aspect of the systematic study of historical 
painting techniques. It will moreover illustrate the impact of this knowledge on the conservation of 
historical wall paintings. 
[1] A. Lluveras-Tenorio, I. Bonaduce, M.P. Colombini, Analytical Chemistry 82 (1), 2010, 376-386. 
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RIRLOUHVLQYDUQLVKGU\LQJ
Tirat Sophie(1,2), Echard Jean-Philippe(3), Lattuati-Derieux Agnès(1), Le Huérou 
Jean-Yves(2) and Serfaty Stéphane(2)
(1) Centre de Recherche sur la Conservation, (CRC, USR 3224), Muséum national d’histoire naturelle, 
Sorbonne-Université, 36 rue Geoffroy Saint-Hilaire 75005 Paris, France
(2) Laboratoire Systèmes et Applications des Technologies de l’Information et de l’Energie (SATIE), CNRS 
UMR 8029, ENS - Université de Cergy-Pontoise, 5 mail Gay Lussac, 95031 Neuville sur Oise, France
(3) Equipe Conservation Recherche du Musée de la Musique (CRC, USR 3224), Cité de la Musique, 221 Avenue 
Jean Jaurès, 75019 Paris, France
From the 16th until the 18th century, linseed oil and Pinaceae resin mixtures probably formed
the most commonly used varnishes [1]. Though ageing of linseed oil and resin are the topics 
of numerous studies, the behavior of such mixtures is still poorly known. To improve 
knowledge of the composition and ageing of historical instruments’ varnishes we performed 
long-term monitoring of the chemical evolution of model oil-resin films.  
For this purpose, we implemented a multi-technique analytical strategy, combining 
transmission IR spectroscopy and chromatographic analysis (Pyrolysis-GCMS and Size 
Exclusion Chromatography). These complementary techniques allow us to investigate the 
different chemical processes that occur during the drying of linseed oil-resin mixtures 
(polymerization of the oil and oxidation of resin’s diterpenic compounds). Moreover, only 
limited sample size is required. Indeed, our future aim is to extend this multi-analytic 
approach to historical micro-samples. In this framework, we also introduce a new approach 
towards quantification using Py-GCMS in SIM mode. The potential of this strategy to assess 
the initial oil-colophony ratios in micro-samples of historical varnishes will be discussed. 
We prepared films of reconstructed varnishes with seven different ratios of linseed oil and 
Pinaceae resin (colophony) [2]. Samples from these films were naturally aged in identical 
conditions and regularly analyzed over nine months. For each technique we point out features 
that allow us to follow the varnish films’ drying process. We observe marked differences in 
the relative amounts of marker molecules taking part in oxidation and polymerization 
reactions, depending on the initial oil/resin ratio (Fig.1). The influence of this ratio on the 
kinetics and mechanisms of the varnishes ageing will be thoroughly discussed. 
[1] J-P. Echard, V. Malecki, in Making and transforming art: changes in artists' materials and practice, 
Archetype: London, 2014. 
[2] A. Lattuati-Derieux et al., e-PS 11, 2014, 76-85.
Figure 1 : Py-GCMS monitoring of linoleic acid during drying 
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Tanja Špec(1), Sebastijan Peljhan(2), Jana Vidič(2), Marko Fonović(3), Črtomir 
Tavzes(1), Polonca Ropret(1, 4) 
(1) Research Institute, Conservation Centre, Institute for the Protection of Cultural Heritage of Slovenia, 
Poljanska 40, 1000 Ljubljana, Slovenia 
(2) BIA Separations, Mirce 21, 5270 Ajdovšþina, Slovenia 
(3) Jožef Stefan Institute, Department of Biochemistry and Molecular Biology, Jamova 39, 1000 Ljubljana, 
Slovenia 
(4) Museum Conservation Institute, Smithsonian Institution, 4210 Silver Hill Rd., Suitland, MD, 20746, 
USA 
Among materials present in art objects, polymer organic compounds (e.g. proteins), used as 
adhesives, coatings, and especially as binding media for colouring materials cause many 
problems for their specific identification, due to their tendency to undergo alterations during 
the ageing processes.  
In scientific analysis of works of art there is constant focus on getting information either non-
invasively or by taking the smallest possible representative sample, so the analytical 
techniques advance in both sensitivity and specificity. When investigating proteins, such as 
casein (milk), ovalbumin (egg white), or collagen (bone, skin), which are the most abundant 
in the artist materials, implementation of immunological analytical techniques promise to 
become essential in the determination of proteins in works of art. ELISA, as one possible 
application of antibody-based methods or the identification of artist’s materials, is a good 
candidate due to the low limit of detection, high sensitivity (in the nanogram range) and 
specificity, and micro invasiveness of required sampling. Despite the advantages of this 
method, interference by metal ions present in pigments, lipids and saccharides in other 
components of paints, grounds and varnishes may cause several problems for incontestable 
identification of proteins. To overcome the drawbacks of ELISA technique, the DEAE 
modified (weak anion exchange) CIM (Convective Interaction Media) monoliths, which are 
highly cross linked, porous monolithic polymers with a well-defined channel size distribution, 
were utilized to purify the extracted mixtures to predominantly protein fractions. ELISA 
procedures were concomitantly co-evaluated by LC/MS-MS to get a better insight on the 
alterations in the studied protein (ovalbumin). 
The influence of various extraction and purification procedures on reliability and precision of 
ELISA and LC/MS-MS-based determination of proteins in works of art was tested. Paints of 
one organic (dragon`s blood) and four inorganic pigments (malachite, verdigris, lead white, 
green earth), mixed with either egg white or egg tempera were prepared, and applied on glass 
or canvas (varnished or not). The prepared easel (model) paintings and paint-containing 
glasses were then exposed to accelerated artificial ageing in climatic chambers with a well-
defined and controlled temperature and relative humidity, as well as light conditions. One set 
was left un-aged and served as the control. Utilisation of monolithic chromatographic 
supports in investigation of the model paint samples (aged and non-aged) on the presence of 
ovalbumin greatly enhanced the detection by ELISA, for at least one ten fold dilution of a 
sample. In several cases the purification enabled detection of the target protein, otherwise not 
possible with non-purified samples. Positive ELISA detection of the target protein was 
supported by LC/MS-MS analysis in all cases, thusly validating reliability and robustness of 
the method. 
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Modugno(1), Caitlin McQueen(2), Hartmut Kutzke(2), Maria Perla Colombini(1,3) 
(1)Department of Chemistry and Industrial Chemistry, University of Pisa, via Moruzzi 3,Pisa, Italy  
 (2) Museum of Cultural History, University of Oslo, Frederiksgate 3,Oslo, Norway 
(3)Institute for the Conservation and Promotion of Cultural Heritage (ICVBC), National Research Council, via 
Madonna del Piano 10, Sesto Fiorentino, Florence, Italy 
The Viking Age alum-treated woods from the Oseberg mound, treated in the early 1900s, are 
today highly degraded, a condition due to the alum-treatment itself. The wood is also in 
variable visual and mechanical condition, ranging from light brown to very dark brown, 
where the darker woods have decreasing structural integrity. Two analytical techniques, 
giving relevant information about the state of preservation, were adopted: pyrolysis-gas 
chromatography/mass spectrometry (Py-GC/MS) and inductively-coupled plasma – atomic 
emission spectroscopy (ICP-AES). 
Not surprisingly, results showed that the wood was highly depleted of carbohydrates. 
However the lignin fraction was also highly degraded. Specifically, Py-GC/MS showed alum-
treated wood to have a very low content of common lignin pyrolysis products. Furthermore, 
there was a greater content of altered lignin pyrolysis products in accordance to increasing 
deterioration. The main degradation reactions involved oxidation, side-chain cleavage and 
demethylation of lignin. Although the mechanisms of these reactions are very complex, 
results from ICP-AES suggested that the degree of deterioration could be correlated to the 
metal content of the samples, in particular iron. Similar trends were observed for the results 
obtained by both techniques, highlighting successful complementariness.  
Chemical states of preservation, as demonstrated through analyses, were related to the visual 
condition of the samples. 
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Radka Šefců(1), Václav Pitthard(2), Štěpánka Chlumská(1) and Ivana Turková(3) 
(1) National Gallery in Prague, StaromČstské nám. 12, 110 00 Prague, Czech Republic
(2) Kunsthistorisches Museum Wien, Burgring 5, 1010 Vienna, Austria.
(3) Institute of Criminalistics Prague, BartolomČjská 12, 110 00 Prague, Czech Republic.
This paper deals with the results of a broad-based survey of both the binding media and 
pigments used during the first half of the 14th century on the Bohemian panel paintings from 
the collections of the National Gallery in Prague. The work is focused on the specific use of 
oil binding medium and pigments in the workshop of the Master of the Vyšší Brod Cycle, the 
most important painter in the period around the 1340s in Bohemia. This anonymous master 
worked in the circle of Prague court of the emperor Charles IV (1316-1378). The nine panel 
paintings known as Vyšší Brod Cycle (ca. 1345-1350, on loan from the Cistercian Abbey at 
Vyšší Brod) are exquisite masterpieces of the Bohemian medieval art. 
Extensive laboratory examinations of the micro-samples were executed by means of optical 
microscopy (OM), Scanning Electron Microscopy with an energy-dispersing detector 
(SEM/EDS), micro-Raman Spectroscopy (MRS) and Infrared Spectroscopy with Fourier 
Transformation (FTIR). The elementary analysis (SEM/EDS) and analyses by methods of 
vibrational spectroscopy (MRS, FTIR) were performed either on the individual pigment 
grains or on the cross-sections using the mapping mode for the identification of individual 
components present within the painting layers.  
For a spatial orientation within the individual layers, the histochemical staining of cross-
sections was gradually carried out. Subsequently, the identification of the binding media was 
accomplish by means of gas chromatography coupled with mass spectrometry (GC-MS).  
This combination of techniques was crucial for accurate characterization of mixed oil binding 
media and pigments in the particular painting layer. 
The gained GC-MS results on the paint layers based on drying oils raised the questions 
concerning whether the binding media used are indeed only drying oils or if tempera might be 
present as would be presumably expected. A set of UV aged pigmented fat tempera reference 
standards was, therefore, investigated in parallel.  
Conclusions emerged from the study showed that pigments as lead-tin yellow type II, lapis 
lazuli, green copper pigment, vermilion and lead white, respectively, and lipid-based 
materials as heat-bodied linseed oil and pre-polymerised walnut oil were dominantly applied 
within the paint layers. The proteinaceous component, proved to be mainly animal glue, was 
used in the chalk ground layer, while the egg-based binder, which is a typical medium for a 
traditional painting technique of this period, was detected only sporadically.  
The data pointed out that the oil binding medium was used as principal medium within colour 
paint layers in the Bohemian panel paintings as early as around 1340-1350. This unique 
identification of oil binding media and some specific pigments as lead-tin yellow type II 
opens new possibilities for the interpretation of the painting technique in the Central Europe 
of the 14th century.  
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The first stage in every conservation process of stained-glass windows is a thorough technical 
examination of the glass, the glass paints and lead cames.  This labor-intensive investigation is 
typically executed by photographic documentation, condition reports and translating visual and 
microscopic observations to full size and scale diagrams of the panels. In a limited number of 
high-profile cases, this descriptive research is complemented with chemical analysis, in 
particular when the aim is to elucidate ongoing deterioration processes. Although such analyses 
are considered to be highly valuable for both treatment and preventive conservation, 
spectroscopic investigations (e.g. by SEM-EDS) are not carried out on a routine basis for a 
number of reasons. Analytical techniques are not always promptly available or their 
implementation is not feasible within the delimited framework of a conservation campaign 
because it is both time and money consuming. Other aspects that restrain spectroscopic analyses 
are the necessity to extract samples (destructive) and the fact that data is harvested from a 
limited number of locations on the artefact (e.g. by portable equipment).  
Since its development in 2008, the non-destructive collection of elemental distribution maps by 
means of Macro X-Ray Fluorescence (MA-XRF) scanning has supplied significant insights into 
the genesis, buildup and condition of numerous iconic paintings and the studio practice of key 
artists such as Van Gogh, Hans Memling, Van Dyck, etc. [1-3]. In this paper, we present MA-
XRF scanning as an efficient spectroscopic imaging tool for stained glass panels, allowing the 
simultaneous documentation of defects or past interventions and the collection of chemical data 
from the entire panel. After processing, the results from chemical imaging are presented in a 
visual way that can (a) be easily interpreted by conservators and art historians and (b) serve as 
working drawings in condition reports.  
In particular, the capability of MA-XRF scanning to differentiate between different 
compositional types of glass panes and paints within the same panel is demonstrated by 
discussing the results obtained on two case studies: an anonymous 15th C and a 17th C stained 
glass window attributed to Jean the Caumont. The same experiments allow supply information 
on corrosion products, the presence of modern glues (e.g. epoxies) and features that are difficult 
to discern with the naked eye such as the discrimination between deeply colored flashed glass 
and pot metal glass or for distinguishing between lead cames introduced during different 
interventions. In this way, MA-XRF scanning is believed to contribute to a more efficient and 
cost-effective technical examination of stained glass windows and intensify the collaboration 
between natural scientists and glass conservators in the near future. 
 [1] Alfeld, M.; Van der Snickt, G.  $SSO3K\V$ (2013) 111:165–175. 
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[2] Legrand, S.; Vanmeert, F.; et al.KHULWDJH6FLHQFH 2014, 2:13. 
[3] Van der Stighelen, K.; Janssens, K.; et al. $UW0DWWHUV, accepted. 
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Reading Ancient Manuscripts with Conventional X-ray 
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Tsung-Tse Li(6), Edwin B.L.Ong(6),J.Ho Je(7), F.Kaplan(8) and G. Margaritondo(1)
(1) Facultè des Sciences de Base, Ecole Polytechnique Fèdèrale de Lausanne (EPFL), Switzerland; 
E-mail: fauzia.albertin@epfl.ch. 
(2) Swiss Light Source, Paul Scherrer Institut, Villigen, Switzerland. 
(3) Institute for Biomedical Engineering, ETHZ, Zurich, Switzerland. 
(4) Museo Storico della Fisica e Centro Studi e Ricerche "E. Fermi", Roma, Italy.
(5) Department of Physics, University of Bologna, Italy. 
(6) Institute of Physics, Academia Sinica, Taipei, Taiwan. 
(7) Department of Material Science and Engineering, Pohang University of Science and Technology, 
Pohang, South Korea
(8) Laboratoire d'humanitès digitales, Ecole Polytechnique Fèdèrale de Lausanne (EPFL), Switzerland. 
We present radiological and tomography-reconstructed (three-dimensional) images of ancient 
manuscripts from five different centuries, which allow reading iron-gall-ink characters of 
inside pages. The images were obtained with conventional x-ray sources. This is a 
fundamental step in our overall project, which targets manuscript reading with x-rays in 
support of the digitalization of the Venice “Archivio di Stato”. In fact, it goes beyond 
synchrotron light, used for feasibility tests [1]: such tests were successful, but conducted at a 
centralized facility rather than in situ, and therefore with limited practical applications. 
The overall digitalization program targets 80 km of specimens and is part of the “Venice 
Time Machine” Project [2], an Italian-Swiss collaboration also involving other countries. 
Collections of ancient administration documents like the “Archivio di Stato” contain crucial 
information on our historical roots, but access to such massive data sets is impractical without 
digitalization. However, page-by-page digitalization takes long times and is problematic for 
fragile specimens. We are thus seeking alternate non-invasive methods based on x-rays. 
Our previous tests demonstrated sufficient attenuation contrast, due to iron in the ink, for 
radiology and tomography. We could also read characters from page stacks without opening 
them. However, such promising results could not be directly exported to real digitalization 
since they were obtained, as mentioned, with synchrotron light. In fact, it is not conceivable to 
transport to a centralized facility a very large number of delicate and very valuable items. 
Here, we show that synchrotron light is not necessary for our methods. Excellent images (size 
up to 10x5 cm2 until now) of manuscripts from the 15th to the 19th century were obtained with 
non-synchrotron sources. The contrast and the signal-to-noise ratio are still largely sufficient 
for character reading, with reasonable exposure times. 
The future development of the program will be briefly discussed, touching in particular the 
use of alternate contrast mechanisms based on phase effects, also possible with non-
synchrotron sources.
[1] F. Albertin, A. Astolfo, M. Stampanoni, E. Peccenini, Y. Hwu, F. Kaplan and G. Margaritondo, 
      X-Ray Spectrometry, In Press 
[2] http://dhvenice.eu/ 
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 (2) X-ray Instrument Division, Rigaku Corporation, 14-8 Akaoji-cho, Takatsuki-shi, Osaka 569-1146, Japan. 
A non-destructive elemental imaging is important for cultural heritage (CH), environmental, 
forensic, and material sciences. X-ray fluorescence (XRF) has a unique advantage such as 
non-destructive elemental analysis at ambient air pressure. Therefore, XRF is important 
technique especially for the research of CH and forensic sciences. To obtain XRF elemental 
images, two approaches have been studied; scanning and projection (full field) types imaging. 
A polycapillary optics is useful for a scanning XRF imaging, especially in the laboratory. 
XRF analysis is performed as the sample is moved to the fixed micro x-ray beam, leading to 
XRF elemental mapping. By applying confocal setup, 3D elemental analysis is also possible. 
The authors developed confocal micro-XRF with a vacuum chamber [1] and applied it for 
forensic samples [2]. We applied this technique to reveal the drawing beneath the surface 
paint layer. Fe map taken at the depth between 125 and 200 micro-meters suggested the 
drawing of the cat that was not visible due to the surface paint layer. 
The drawback of the scanning type XRF imaging would be a long acquisition time. Thus, a 
projection type XRF imaging has also been studied. The authors developed a WD-XRF 
imaging spectrometer by using a conventional WDS spectrometer, a straight polycapillary 
optics, and x-ray CCD camera [3,4]. The advantage of WD-XRS is a high energy-resolution, 
approximately 40 eV [4]. Rapid elemental imaging was achieved in a short time less than 1 
sec. by using highly sensitive 2D x-ray detector such as PILATUS (100 K/R, Rigaku Co.). 
The elemental images obtained for coins will be shown. 
5HIHUHQFHV
1. T. Nakazawa and K. Tsuji, Development of a high resolution confocal micro-XRF instrument equipped
with a vacuum chamber, X-Ray Spectrom.,  (2013) 374-379
2. K. Nakano, C. Nishi, K. Otsuki, Y. Nishiwaki, K. Tsuji, Depth Elemental Imaging of Forensic Samples by
Confocal micro-XRF Method, Anal. Chem.,  (2011) 3477-3483.
3. K. Tsuji, T. Ohmori, M. Yamaguchi, Wavelength Dispersive X-ray Fluorescence Imaging, Anal. Chem., 
(2011) 6389-6394.
4. T. Ohmori, S. Kato, M. Doi, T. Shoji, and K. Tsuji, Wavelength dispersive X-ray fluorescence imaging
using a high-sensitivity imaging sensor, Spectrochim. Acta, Part B,  (2013) 56-60.
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Kraków, Poland
Scanning macro-X-ray fluorescence analysis has been established recently as a standard 
technique for investigation of historical paintings. Although the scanner can be quite fast for 
detail investigation of large area paintings the measurement time becomes a serious 
bottleneck. This limitation can be overcome by illuminating the investigated object with a 
wide X-ray beam and employing a large area position sensitive and energy dispersive 
detector. The principle of the new technique being developed is illustrated schematically in 
Fig. 1. The excited fluorescence radiation from an area of 10×10 cm2 is projected through a
pinhole camera on the detector of the same size. The fluorescence radiation is measured by a 
Gas Electron Multiplier (GEM) detector which can yield 2-D spatial resolution of the order of 
100 Pm. The energy resolution of such detectors is typically at the level of 20% FWHM for 
5.9 keV (Mn Kα line) and it is not competitive with high resolution Silicon Drift Detectors 
used in the macro-XRF scanners. This energy resolution is, however, suitable for performing 
fast screening of large area paintings. Furthermore, we see several ways to improve the 
energy resolution of GEM detectors, which have been developed primarily for detection of 
charged particles in high energy physics experiments and so not really optimised for detection 
of low energy X-rays.  
In order to prove the concept of the new technique we have built a demonstrator system using 
the available components: X-ray tube, GEM detector and readout electronic. An example 
XRF image of the mock-up painting comprising a landscape painted with azurite and zinc 
white, which was purposely covered by carbon black, is shown in Fig. 2. It should be noted 
that the image was obtained in the fixed position, without moving the painting and any 
component of the system.   
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 Fig.1. Sketch of the XRF imaging system 
employing a position sensitive detector. 
Fig. 2. Photograph of the painting, and the XRF image of a 
hidden landscape painted with azurite and zinc white pigments. 
In the paper the design and performance of the demonstrator system will be presented and its 
current limitations will be discussed. Some aspects of the reconstruction algorithms used for 
processing of raw data from the detector and for reconstruction of 2-D images will be 
presented as well. Finally, further possible improvements regarding design of the X-ray 
optics, including the pinhole camera, optimisation of the GEM detector design and its 
operational conditions, and  performance of the detector readout electronics will be discussed.  
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A multi-analytical approach to the study of the mural 
paintings in the Presbyterian area of Santa Maria Antiqua 
al Foro Romano in Rome 
Silvia Rita Amato(1), Danilo Bersani(1), Pier Paolo Lottici(1), Claudia Pelosi(2) and 
Paola Pogliani(2) 
(1) Department of Physics and Earth Sciences, University of Parma, Parco Area delle Scienze 7/A, 43124, 
Parma, Italy. 
 (2) Department of Cultural Heritage Sciences, Tuscia University, Via San Camillo de Lellis, 01100, Viterbo, 
Italy. 
The layered mural paintings inside the church of Santa Maria Antiqua al Foro Romano in 
Rome have been painted at various times since the Imperial age until the 9th century. They
present a unique and precious evidence of the stylistic, iconographic and technical choices 
made by patrons and masters in Roman mural painting between the Late Antiquity and the 
Middle Ages. This research is part of the project Santa Maria Antiqua, organised by the 
University of Tuscia and directed by Prof. Maria Andaloro with the aim of studying the 
decorative phases of this monument from an art-historical and a technical point of view. This 
study focused on the mortars from the mosaics of 4th-5th century in the eastern wall, the Pope
John VII’s Adoration of the Cross (705-707) on the triumphal arch and the Pope Paul I’s 
paintings on the apse (757-768). The purpose of this research was to identify the painting 
technique used, to characterise original and late materials and to record the colorimetric data 
of all the different chromatic areas. At first, in situ acquisitions by means of video-microscope 
and portable spectro-colorimeter were carried out. Samples were taken, prepared as cross 
sections and slides and then characterized in the laboratory by optical microscopy, Micro-
Raman spectroscopy (μ-Raman) and Micro-Infrared Absorption Spectroscopy (ȝFT-IR). 
The results allowed us to identify the mortars as lime-pozzolan in all the three decorative 
phases, but with different lime/pozzolan ratios. Earth pigments were found on the mortar 
samples taken from the 4th-5th century phase, showing that they had been painted before
applying the mosaic tiles. The technique used in John VII paintings is fresco, in which lime 
white was used as an additional binder. Red ochre, lime white, green earth and carbon black 
were identified on the samples from this phase. The blue shades were obtained either by using 
a mixture of lime white and carbon black or by Egyptian blue alone. Unoriginal pigments and 
organic compounds were identified in samples from both John VII’s and Paul I’s phases, 
which were probably caused by old conservation treatments and by degradation. Calcium 
sulphate was detected in the superficial layers of many samples, probably because of the 
direct contact of the paintings with the soil which had covered the church for centuries. 
The set of results obtained from this research represents a new piece in the puzzle of the 
numerous studies performed earlier in the frescoes of Santa Maria Antiqua al Foro Romano, 
allowing us to have a better understanding of the changes in the techniques and materials used 
in the context of the Roman mural painting throughout the centuries. 
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Clay minerals are widely applied in numerous industrial branches. The most demanded 
properties of clays are sorption and cation exchange capacity, both related to the relative 
content of expandable layers (present in smectites, vermiculites and mixed-layered 
structures). Since ancient times, clay minerals formed a substantial part of earth colours in the 
rock and applied art, respectively. Later in panel and easel paintings they acted not only as 
pigments, but also as fillers, preparatory materials, and grounds for gilding [1]. In the painting 
technology, the content of clay minerals increases the adhesive power of the material, but on 
the other hand, it could increase the risk of its swelling in wet conditions, when expandable 
clay structures prevail. Beside the explanation of the links between the composition and 
properties of clays, they could play an important role in the provenance studies, because they 
are sensitive to  physical-chemical conditions of the process of their formation in nature. 
Number of “standard” procedures widely applied to clays (preparation of oriented specimen, 
ethylene glycol solvation etc.) may not be applied when dealing with only minute amounts of 
heterogeneous material from cultural heritage objects. Raman micro-spectroscopy is almost 
unusable, because of relatively low Raman scattering of clay structures particularly in 
mixtures with iron and titanium oxides [2]. In this contribution, current methodological 
developments focused to improving detection and distinguishing of clay minerals via powder 
X-ray micro-diffraction [3] will be presented. Particular attention will be given to sample 
preparation procedures (e.g. microtome slicing for transmission measurements), semi-
quantitative microanalysis, advanced description of interstratified structures, crystallinity 
indices etc.). Effects of organic binders on the interlayer space of clay minerals will be 
presented as well. The relevance of 
the clay structural microanalysis 
for the indication of regional 
provenance of materials and artistic 
workshops will be accented in 
particular case studies on 
anonymous paintings. On the 
figure, interstratified (mixed-
layered) clay structure is indicated 
on micro-diffraction patterns of 
grounds of paintings by G. B. 
Langetti (1625-1675) and 
anonymous painter, respectively. 
[1] D. Hradil, T. Grygar, J. Hradilová, P. Bezdička, Appl Clay Sci 22/5 (2003), 223-236. 
[2] V. Košařová, D. Hradil, I. Němec, P. Bezdička, V. Kanický, J Raman Spectrosc 44 (2013), 1570-1577. 
[3] S. Švarcová, E. Kočí, P. Bezdička, D. Hradil, J. Hradilová, Anal Bioanal Chem, 398 (2010) 1061–1076. 
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In Cultural Heritage, there is a growing demand of methods for material investigation. 
Typically, X-Ray Fluorescence (XRF) analyses give essential contributions in material 
studies of works of art, above all in terms of conservation and restoration, since they allow for 
multi-elemental, non-invasive, non-destructive and in situ analyses. 
At the LABEC laboratory-INFN Florence, CHNet network, we developed an XRF 
spectrometer,  one  of  the  key  issues  of  which  is  the  capability  of  performing  both  point  and  
scanning analyses. This prototype is able to acquire maps up to 20 x 20 cm2, giving 
information about the distribution of the elements within the scanned area of the artwork. In 
this way it is possible to choose the most suitable points for punctual analysis, overcoming the 
problem of the non-representativeness of the analyzed point. 
Thanks to the collaboration with the Opificio delle Pietre Dure (OPD) in Florence,  we have 
the opportunity to test the portable XRF scanner on the paintings of the “Old Masters”, such 
as for example the most famous Italian Reinassance artist: Raffaello Sanzio. “The Portrait of a 
Young Woman”, known as “La Muta”, is an oil on wood portrait (64 × 48 cm2), painted by 
Raffaello in 1507-1508 [1,2]. This masterpiece, usually located in the Galleria Nazionale delle 
Marche (Urbino), is currently at the Opificio delle Pietre Dure for a restoration. For this 
intervention, preliminary analyses were needed.  
The mapping analyses carried out with the XRF scanner allow for the characterization of the 
painting palette, also in very small areas painted with pigments composed by light elements, e. g 
bone black, usually not investigated by point analyses, which would typically produce results hard 
to interpret. Thanks to the elemental maps, it was possible to easily put into evidence some 
“hidden” features on the painting surface, such as “pentimenti”, the changing mind of the artist 
during the process of painting, characterizing both the form and the dimensions as well as the 
composition of the pigments used. 
[1] Dal Poggetto P. (curated by), Urbino e le Marche prima e dopo Raffaello, Firenze, Salani, 1983. 
[2] Pirovano C. (curated by), Raffaello a Firenze – Dipinti e disegni delle collezioni Fiorentine-, Milano, Electa 
Editrice, 1984. 
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Sabratha was one of the three major historical regions in Tripolitania; the history of Sabratha 
is much like those of the other two (Lepcis & Oea). At first a Phoenician empire subsequently 
ruled by the Carthaginians, it was made part of Roman province of Africa Proconsularis in 46 
BC. After its golden age during the Antoine & Severan periods, Sabratha began to decline 
rapidly in late antiquity came under the Byzantine rulers it was abandoned for good when the 
Arabs conquered. The transformation of the Phoenician town into a Roman city began near 
the end of the first century BC, but proceeded more slowly than at Lepcis Magna.  
The excavation at Sabratha, in contrast to those at Lepcis, has revealed a large number of 
private houses, from which we can gain some idea of citizen’s domestic life. The houses are 
often narrow in plan, but holes for floor and remains of staircases show that many of them 
were at least two-storied. Many houses had a cistern under the ground floor to collect 
rainwater from the roof. Theses private houses include floor mosaics and painted plaster as 
wall decoration. Fragments were collected from the two different storage areas from Sabratha 
site, dated to the 2nd century AD. All the fragment of painted plasters belonging to the Roman 
houses (north of the forum) with some fragments were of window/door mouldings. 
Several optical, chemical and mineralogical methods were applied to identify their 
composition and structure. These are: 
-OP: Optical microscopy was used as the initial examination of polished cross-sections to 
identify the structure and microstratigraphy of materials. 
-MCT: Micro-chemical tests were used to identify the type of the plasters and mortars- 
calcium aluminum silicate and water-soluble salt. 
-SM: Standard methods for chemical analysis to identify the quantitative and qualitative 
nature the mixture. 
-XRD: X-ray powder diffraction to identify the mineralogical composition of the painted 
layers.
-PLM: Polarized light microscope to indentify the internal structure of the plasters. 
Analytical results yields information about the type of binders, the type and grading of the 
aggregates and the quantitative composition of the plasters. Analysis has shown that the 
layers, which covered the painted surface, were crystalline calcium carbonate in the form of 
calcite film. The plasters covered with intonaco layers in different thickness, in some instance 
the painted layers were quite thick and applied as a paste then surface polished, however, 
some plasters were painted without an intonaco layer. It is noteworthy to mention that the 
analytical chemical methods used in the examination and analysis of the painted plasters from 
Sabratha helped to investigate the main problems of the deterioration and decay. 
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(3) Larsson Conservação & Restauro, Lda., Rua do Carmo, 90 - 4º, 1200-094 Lisboa,, Portugal 
(4) Fundação Calouste Gulbenkian, Av. de Berna, 45 A – PT 1067-001 Lisboa, Portugal 
(5) Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), 
Departamento de Física, Faculdade de Ciências e Tecnologias, Universidade Nova de Lisboa, 2829-516 Monte 
da Caparica, Portugal  
The X-ray performed on the acrylic painting “There is no yes without a no - The Hermit”
(1985) by António Dacosta revealed one of his lost works (Fig. 1). The last and only record of 
the painting is a black and white photograph taken during the exhibition “L’Artiste du Mois” 
at Centre Culturel Portugais de la Fondation Calouste Gulbenkian in Paris, 1985. The 
chromatic reconstruction of the artwork would be of extreme importance for its dissemination 
as it was conceived. For this purpose portable X-ray fluorescence analyses were carried out 
directly on the paintings for preliminary elemental identification, and to determine the most 
favorable sampling areas (both superficial and cross-samples) for micro-Raman evaluation. 
Cross-sections were observed under optical for better discernment of the chromatic layers 
used in each painting. In both artworks titanium white (rutile), mars red, ultramarine blue and 
phthalocyanine blue were identified. Mars yellow and mars black was identified on 
superficial layers, from the latest painting; phthalocyanine green and dioxazine violet was 
found on deeper layers, belonging to the hidden painting. 
Fig. 1 – “The Hermit” (left); photograph featuring the lost painting (middle); X-ray of “The 
Hermit” revealing the lost painting (right). 
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(1) AXES, Dept. of Chemistry, University of Antwerp, Belgium 
 (2) Brightspec NV, Waterfront Researchpark, Niel, Belgium 
(3) CEADEN, Havana. 
Energy-dispersive X-ray fluorescence (ED-XRF), originally a method for the elemental 
analysis of bulk samples, evolved the last couple of years into a micro-analytical technique 
with imaging capabilities. A focused X-ray beam is used and X-ray spectra are acquired at 
equally spaced points on the sample surface. The result is a multivariate image, with in each 
pixel an x-ray spectrum. This method, scanning micro-XRF imaging, is especially interesting 
for the investigation of cultural heritage objects such as paintings and manuscript pages. 
The standard technique for the evaluation of X-ray spectra, i.e. obtaining net peak areas of the 
fluorescence lines, is non-linear least-squares fitting as e.g. implemented in the Axil software 
package. Due to the number of calculations involved and the iterative nature of the method, 
evaluation of one spectrum typically takes 1 to 5 seconds on a 2.5 GHz computer. 
When evaluating the spectra in a multivariate X-ray image even this short calculation time per 
spectrum becomes unacceptable. Indeed, if we consider a modest-sized image of 256 x 256 
pixels and on average 1 s to evaluate a spectrum, the total time to evaluate all the spectra is 
65536 s, or 1092 minutes or 18 hours! The evaluation of the spectral data from the 
investigation of a 40 x 40 cm2 painting with a resolution of 0.5 mm would require 7 days! 
In order to reduce the evaluation time drastically while retaining most of the interesting 
features of non-linear least-squares fitting we have implemented in the bAxil software 
package an method based on linear regression using the model created by the non-linear 
fitting algorithm. Each spectrum is described as a linear combination of the peak profiles 
generated by the non-linear fitting procedure. Because the continuum of the spectra cannot be 
considered as a linear contribution it is removed first using a fast filter algorithm. In this way 
time to evaluate spectra is reduced by a factor 100, resulting in acceptable processing time for 
multivariate X-ray images. 
We implemented the procedure as part of the bAxil program using a highly interactive user-
interface giving the user the possibility to interrupt and resume the calculations, fit parts of the 
data using different models or even apply non-linear fitting to some "difficult" spectra. 
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(3) Institute of Byzantine and Modern Greek Studies, University of Vienna, Postgasse 7, 1010 Vienna, 
Austria 
(4) Computer Vision Lab, Vienna University of Technology, Favoritenstrasse 9-11, 1040 Vienna, Austria 
This presentation will report on the current activities of CIMA, the interuniversity Centre of
Image and Material Analysis in Cultural Heritage founded in early 2014 within the 
framework of the HRSM-project [1] “Analysis and Conservation of Cultural Heritage – 
Modern Imaging and Material Analysis Methods for the Visualization, Documentation and 
Classification of Historical Written Material (Manuscripts)”. Specialized in research in the 
fields of imaging, image enhancement and analysis as well as the non-invasive chemical 
analysis of materials used for the production of historical objects, CIMA represents a unique 
facility with an interdisciplinary approach to the investigation of cultural heritage. The Centre 
brings together the expertise of three disciplines from three universities: Philology (University 
of Vienna), Computer Science (Vienna University of Technology) and Chemistry (Vienna 
Academy of Fine Arts). The main idea behind the foundation of CIMA was to extend and 
strengthen co-operations by establishing a central laboratory that offers its services to 
universities, libraries, museums, exhibitions etc.
Using modern computer technologies for MultiSpectral Imaging (MSI) and document 
analysis as well as non-invasive analytical techniques such as x-ray fluorescence (XRF), UV-
Vis, reflection infrared (FTIR) and Raman spectroscopy for e.g. manuscripts, CIMA 
facilitates the creation of new and improved data in the humanities. Until now, CIMA has 
applied its methodology and technical expertise to badly preserved or rewritten manuscripts 
(palimpsests) from the 8th to the 14th centuries (mainly in Slavic, Greek and Latin). The 
material investigations aim at the identification of the inks and pigments used for writing and 
illuminating in contrast to the supporting material (presently the focus is on parchment). MSI 
is used to increase the legibility of degraded writings and the document analysis techniques 
developed involve Optical Character Recognition (OCR), writer identification and layout 
analysis.
In the course of the project, a common database will be created which contains the 
information gained from the imaging, image enhancement, chemical and philological 
investigations. The final objective of CIMA’s is to compare the data generated in the course 
of its research, to reveal correlations stemming from multiple modalities (writing material and 
its preparation, inks and pigments, reflectivity etc.) in order to advance the research agenda at 
the intersection of science and the humanities.  
[1] HRSM – Hochschul-Raum-Struktur-Mittel (Structural fund for the Austrian higher education area), Higher 
Education Plan 2013 of the Austrian Federal Ministry of Science and Research.  
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(2) INFN Sezione di Ferrara, Via Saragat 1, 44122 Ferrara 
(3) INFN Sezione di Firenze, Via G. Sansone 1, 50019 Sesto Fiorentino (FI) 
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Digital radiography is a invaluable technique to get information concerning the conservation 
state of a painting, while it offers qualitative data about the composition of the work of art. On 
the other hand, K-edge differential radiography maps the distribution of a chosen element in 
the whole painted surface and can univocally characterize the art work. 
This technique is subtracting [1] two images obtained by monoenergetic X-rays, bracketing 
the K-edge of a chemical element. It was initially proposed in the medical field and was 
successfully applied in angiography [2] and mammography [3]. For the study of paintings, it 
was formerly applied  using X-ray source monochromatized by Bragg diffraction [4] and 
synchrotron radiation [5]. 
An alternative method for K-edge RX is filtering a commercial X-ray generator by filters 
made of adjacent elements in the periodic table, bracketing the absorption edge of the target 
element. If this method should be effective, it could be easily implemented with any 
commercial system and applied for in situ applications. 
First maps of Cadmium in XX century paintings have been obtained filtering by thin slices of 
Silver (Z = 47), Cadmium (Z = 48) and Indium (Z = 49). Studies are progressing concerning 
the threshold of sensitivity to Cadmium and other elements in pigments. 
[1] L. A. Lehmann, R. E. Alvarez, A. Macovsky, W. R. Brody, Med. Phys. 8(5), 1981, 659. 
[2] A. Sarnelli, A. Taibi, A. Tuffanelli, G. Baldazzi, D. Bollini, A. E. Cabal Rodriguez, M. Gombia, F. Prino, L. 
Ramello, E. Tomassi, M. Gambaccini,  Phys. Med. Biol. 49, 2004, 3291-3305. 
[3] P.Baldelli, A. Taibi, A. Tuffanelli, M.C. Gilardoni, Phys. Med. Biol 50, 2005,  2225-2240. 
[4] P. Baldelli, L. Bonizzoni, M. Gambaccini, M. Gargano, L. Ludwing, M. Milazzo, L. Pasetti, F. Petrucci, F. 
Prino, L. Ramello, M. Scotti,  Il Nuovo Cimento 29, 2006, 663-672 
[5] K. Krug, J. Dik, M. Den Leeuw, A. Whitson, J. Tortora, P. Coan, C. Nemoz, A. Bravin, Appl. Phys. A 83(2), 
2006, 247-251 
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Introduction 
Significant new insights have been generated by interdisciplinary art historical and 
scientific research on a portrait in the collection of the McMaster Museum of Art in Hamilton, 
ON, Canada. The sitter is now identified as Maximilian III, Archduke of Austria (1558-1618), 
and the likely production in the workshop of Peter Paul Rubens (1577-1640) was confirmed. 
The Hamilton portrait is one of a series of likenesses of Maximilian produced by Rubens, his 
workshop assistants, and engravers like Lucas Vorsterman (1595-1675). A combination of 
film x-radiography, XRF, XRD, and SEM-EDS (Fig. 1) provided complementary information 
on condition, pigments, and painting technique.  
Experimental  
XRF analysis was performed using an Innov-X Delta Premium portable XRF system, 
fully described by Goodale et al [1]. XRD2 rapid phase analysis was done on a paint sample at
McMaster XRD facility using a Bruker Mo Smart APEX2. SEM-EDS was performed on a 
polyresin embedded cross-section revealing the successive applications of pigment layers.  
Results 
Film x-ray radiography revealed that the edges of the original canvas appear ragged, 
suggesting that the initial dimensions of the work were altered (Fig. 1). Combined results of 
XRF, XRD, and SEM-EDS indicate a mixture of Pb and Ca in the ground layers, a complex 
layering of azurite 2CuCO3Cu(OH)2, chalcopyrite (CuFeS2), and earth pigments (Fe2O3) in
upper layers. Cross-section revealed multiple paint applications with a disrupted boundary, 
suggesting the ‘presentation’ layer was applied while the previous layer was still wet.
Conclusions 
Technical analyses described above indicate that areas sampled in this portrait feature 
a similar painting technique to that of Rubens, his workshop, and other Flemish artists of the 
period. The presence of darkened azurite in the background confirmed by the cross-section 
(Fig. 2) helps to connect the painting to another portrait of Maximilian, which also features a 
green background and which was also produced either by Rubens or after a lost original. 
Figures m Fig. 1: Film x-ray of Portrait of
a Man. 
Fig. 2: SEM-EDS of cross-section 
paint sample (20x magnification) 
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The Petruzzelli Theatre in Bari (Southern Italy) is an important example of a nineteenth 
century “Politeama” (i.e. a venue intended for various forms of live entertainment) which was 
inaugurated in 1903. It was decorated with stucco elements, consisting of mouldings and 
decorations in greater or lesser relief present on the ceilings and walls, and on statues. In 1991 
the Theatre was struck by a fire, which caused serious damage to the main auditorium, whose 
furnishings and roof were almost completely destroyed; the foyer was less badly affected, and 
a large part of the decorations (stucco, papier-mâché and wood) on the walls and ceilings 
remained apparently intact. 
The present study aims at the characterization of the constituent materials and the painted 
surface decorations, as well as ascertaining the effects of the fire. 
It was carried out on the samples from the surviving parts of the stage-box decorations, 
directly affected by the flames, and on those coming from the foyer, affected by the fire to 
varying degrees. These stuccoes were compared with samples not involved in the fire, that 
were taken from rooms next to the Theatre. 
The composition and structure of the stuccoes and modifications related to the fire effect were 
investigated by Optical Microscopy (OM) in transmitted and reflected light and 
Environmental Scanning Electron Microscopy (ESEM), as well as by multi-analytical 
techniques including X-ray microanalysis (EDX) coupled with ESEM, X-ray Diffraction 
(XRD), Fourier transform infrared spectroscopy (FT-IR) and simultaneous Thermal 
gravimetric - Differential Thermal Analysis (TGA- DTA). 
The combined microscopic observations and analyses pointed out different types of stuccoes 
in terms of mineralogical-petrograhical composition. The effects of the fire action were 
identified in the formation of some new mineralogical phases, coming from the de-hydration 
of the gypsum binder, as well as from the mineral pigments used in the painted layers. Their 
presence allowed determining the different temperatures that were locally reached during the 
fire. 
Damage in the forms of microcracks affecting the stucco groundmass, detachments and 
melting of the superficial finishings were also observed, as well as micro-blisters likely due to 
the burning of the oil binder.
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In non-invasive diagnostics of paintings, the X-ray imaging is an important resource to 
acquire significant information on the state of conservation of support and pictorial surface. 
To this aim, generally, the radiographic technique is enough to fulfil the most part of these 
needs. However, there are particular cases where a tomographic investigation is needful to 
obtain information on the inner part of the support [1]. In fact Computed Tomography (CT) 
allows overcoming the main limitation of radiography: the overlapping of all depth levels in 
the resulting image, giving no information in the direction parallel to the propagation of X-
rays beam. CT allows obtaining cross-sections of the object, the so-called "slices", which 
represent a faithful density map of each point in the considered section [2]. 
The painting so called "La Muta", made by Raffaello Sanzio around 1507, is an oil on wood 
(64 × 48 cm2) that represents a woman portrait. It is considered among the best examples of 
Raffaello’s portraiture of early maturity [3]. 
The painting, kept in the Galleria Nazionale delle Marche at the Palazzo Ducale in Urbino, is 
currently located at the Opificio delle Pietre Dure (OPD) in Florence to be subjected to 
restoration. 
Before starting the intervention, some diagnostic tests have been performed, including an X-
ray radiography, which has showed the presence of many galleries in the wooden support due 
to Xylophages insects. However, the radiographic technique does not show the depth level of 
the tunnels for assessing whether they can eventually cause damage to the paint layer. This 
type of information, very important to preserve the pictorial surface, has been obtained using 
the CT investigation. The acquisition has been performed using a transportable tomographic 
system at the OPD and the data set has been processed in order to present an immediate and 
accessible result to the restorers for the next phase of consolidation of the painted surface.  
The CT investigation on the Raffaello’s masterpiece has been carried out in the framework of 
a collaboration between the INFN-CHNet network and the OPD.  
In this work, the transportable CT system and data processing are described. 
[1] M.P. Morigi et al., CT investigation of two paintings on wood tables by Gentile da Fabriano, Nuclear 
Instruments and Methods in Physics Research Section A Accelerators Spectrometers Detectors and Associated 
Equipment, 2013; 580(1):735-738.  
[2] F. Casali et al., Indagine Tomografica, Chapter in book: Raffaello: la rivelazione del colore. Il restauro della 
Madonna del Cardellino della Galleria degli Uffizi, Publisher: EDIFIR, 2008, 183-190. 
[3] Paolo Dal Poggetto (curated by), Urbino e le Marche prima e dopo Raffaello, Firenze, Salani, 1983. 
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Elemental mapping by laser ablation - ICP-MS was performed on 17th century paint cross-
sections of two Dutch masters (Hendrick Avercamp and Caesar Boetius van Everdingen) and a 
Chinese coromandel lacquer and paint on wood (unknown artist) to study the composition of the 
blue pigment smalt. Smalt is a potassium silicate glass coloured by cobalt ions which are often 
associated with other elements such as As, Ni, Bi and Fe. Due to pigment-medium interactions 
smalt often deteriorates as a result of potassium leaching, losing its colour and causing chemical and 
physical changes in the paint film [1].  
Microanalysis by laser ablation - ICP-MS (Cetac Analyte G2 [193 nm ArF* excimer laser 
with a HelEx 2-volume sample cell] interfaced with a Agilent 7900 [quadrupole ICP-MS]) was 
performed for a suite of 54 elements using line scanning (5 μm beam [square mask]; 20-50 laser 
traces). Quantitative element maps with pixel dimensions of 5 μm were generated for sample areas 
containing all the layers of the cross-sections [2], using the so-called sum normalization calibration 
protocol based on summation of the elements as their oxides to 100% wt [3]. Element 
concentrations in the 5-30 μm sized smalt particles were visualized in pseudo-colours (illustrated in 
Figure 1).  
Next to highlighting the microanalytical potential of laser ablation – ICP-MS for multi-
element mapping (on trace, minor and major element levels simultaneously), this work will show its 
application to the analysis of smalt in paint cross-sections, including detailed statistical analysis (via 
ImageJ, R, PyMCA, etc.) for elucidation of cobalt ore provenience, possible deterioration 
mechanisms and the conservation state of the painting.   
[1] Spring, M., Higgitt, C. and Saunders, D.. Investigation of pigment-medium interaction processes in oil paint 
containing degraded smalt. National Gallery Technical Bulletin 26: (2005) 56-70. 
[2] Šelih V.S. and van Elteren J.T.. Quantitative multi-element mapping of ancient glass using a simple and robust LA-
ICP-MS rastering procedure in combination with image analysis. Anal Bioanal Chem 401(2): (2011) 745-755. 
[3] Van Elteren J.T., Tennent N.H. and Šelih V.S.. Multi-element quantification of ancient/historic glasses by laser 
ablation inductively coupled plasma mass spectrometry using sum normalization calibration. Anal Chim Acta 644(1-2): 
(2009) 1-9. 
Figure 1: Optical image of the Chinese painting cross-section with the blue rectangle indicating the area of 
ablation (a) and the corresponding Co map, rotated 90º clockwise (b). 
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The use of portable non-invasive techniques for in-situ analyses has nowadays reached maturity. 
Surely more and more instruments are getting smaller and therefore portable, and these instruments 
will, soon or later, be added to the list of techniques that can be deployed by scientist for C.H., but 
apart that, from a methodological point of view the scientific community has reached a common 
proposal that we can now surely call a standard operating procedure (SOP) for the application of 
portable non-invasive techniques for in-situ analyses. 
In the SOP it is suggested not to simply apply the techniques one after the other but it is suggested 
that to enhance the result of a single technique it is necessary to relate the results of each technique 
to the preceding ones and to the subsequent ones thus producing an organic set of self-explanatory 
data.    
In this paper we are going to show a case study in which it will appear clear the necessity of the 
correct order of application the non-invasive techniques and what result it is necessary do 
understand in-situ to obtain the maximum by the subsequent scientific techniques. This case study 
is about a large canvas that was not possible to transport in a laboratory for its compromise state of 
conservation. 
At the end of 2013 a large painting of oil on canvas was rediscovered in central Sicilia, in the 
neighborhoods of the town of Bivona. The dimensions of the painting are 250X340 cm. The 
painting belonged ever since to the memory of the town of Bivona but for the last decades it had got 
lost. As soon after its finding the Soprintentendenza of Agrigento put it under protection. A portable 
laboratory was eventually moved to Bivona to fulfill the necessary analyses. The common SOP was 
applied and fundamental information was gathered from a diagnostic and archeometric point of 
view reducing at a minimum the need of micro-destructive sampling.   
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EXAMINATION OF STABLE ISOTOPE RATIOS: 
CONSEQUENCES FOR ART HISTORY 
A. Wallert 
Rijksmuseum Amsterdam, UvA, Amsterdam, The Netherlands 
Lead occurs in nature as a combination of four stable isotopes (204Pb, 206Pb, 207Pb, and 
208Pb) having different masses.  206Pb, 207Pb, and 208Pb are radiogenic, i.e. they result 
from radioactive decay and are variable in concentration dependent on their 
geological formation over time. The 204Pb isotope is not radiogenic and its 
concentration is constant. These properties allow the determination of the ratios of the 
variable isotopes against that of the non-variable 204Pb. There are significant 
variations with regard to the relative amounts in which these isotopes occur in 
individual lead-based objects. The stable isotopes constitute lead compounds in 
different ratios, depending on their original geological deposit. Thus, the ratio of these 
lead isotopes is indicative for the source of the lead.  
The study of lead isotopes is an established and well-accepted method in the forensic 
sciences.  
The determination of isotope ratios has only rarely been used for the study of art 
objects. A notable occurrence was its use in 1976 in the examination of paintings by 
Vermeer.1 More recently the method was taken up by Fabian and Fortunato for the 
study of art objects.2 
This presentation deals with recent applications in Amsterdam of this method to 
address questions of art historical nature. 
Determination of lead isotope ratios is demonstrated in attempts to clarify issues of 
chronology in the oeuvre of an important seventeenth century painter. 
And it is shown that problems of authenticity, for instance in works attributed to Van 
Dyck, Whistler, or Vermeer, can be adequately addressed. It may help to distinguish 
forgeries from authentic paintings. 
The study of isotope ratios has also recently been used to resolve questions of 
attribution in the work of one of the most famous and important old masters.  
The determination of isotope ratios may well become one of the most important tools 
for technical art history, in that it allows for establishing chronology, detection of 
forgeries, and addressing problems of attribution. 
1  B. Keisch, R.C. Callahan, ‘Lead Isotope Ratios in Artists’ Lead White: a Progress Report’, Archaeometry 
18 (1976), 181-193. 
2  D. Fabian and G. Fortunato, ‘Tracing White: A Study of Lead White Pigments found in Seventeenth-
Century Paintings using High Precision Lead Isotope Abundance Ratios’, J. Kirby, S. Nash, and J. Cannon 
(eds.) Trade in Artists’ Materials, Markets and Commerce in Europe to 1700, London 2010, 426-443. 
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Giacomo Chiari (1), Philippe Sarrazin (2)
(1) Getty Conservation Institute (retired). gc.giacomochiari@gmail.com 
(2) SETI  Institute –Mountain View, California. psarrazin@seti.org 
Noninvasive techniques have become widespread in the cultural heritage analytical domain as 
they give much information without needing to take samples. Noninvasive portable 
XRD/XRF (XDF) provides information on elemental as well as crystal/molecular 
composition.  
The two fundamental rules of X-Ray Powder diffraction are: 1) the crystallites should be 
small and randomly oriented: 2) the crystallites should be precisely located in the focusing 
plane of the instrument to comply with the diffraction geometry.  
A XRD portable device analyzes the object as it is rather than just the material of which it is 
composed. Therefore, these two rules are seldom obeyed. This may be a nuisance when 
analyzing the composition since both position and intensity of the diffraction peaks may differ 
from the standards in the literature, but it offers the possibility to investigate properties of the 
object not accessible when taking a sample.  
These include determining the depth at which a known substance is located in a layered 
structure (stratigraphy). In fact, the shift in the angular position of the diffraction peaks is 
proportional to the displacement of the crystallites from the focusing plane.  
A severe preferred orientation of the crystallites, often present in art objects and part of their 
characteristic, can be a serious problem with conventional scanning instruments. The use of 
two-dimensional detectors reduces this problem and provides information about the grain size 
of a given substance.  
The preferred orientation of the crystallites may be induced by the manufacturing technique of 
the object, as in the case of silver in daguerreotypes and gold in gilding foils. By analyzing 
this orientation, a modern gilding restoration can easily be evidenced.   
When two binary alloys (e.g. Cu/Zn) are simultaneously present, only XRD can determine the 
percent of the two elements in both alloys using the Vegard’s law.  
For poorly crystallized materials, such as beeswax, the broadening of the peaks is larger when 
the wax is quenched from melting temperatures (encaustic), while the peaks are relatively 
sharp for soluble “modified wax”.  
All these case studies will be presented and discussed in depth. 
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Katharina Uhlir(1), Roman Padilla- Alvarez(2), Alessandro Migliori(2), Andreas 
Germanos Karydas(2), Iva Božičević(3),  Milko Jaksic(3), Robert Lehmann(4), 
Nikolaus Schindel(5), Michael Alram(6) and Martina Griesser(1) 
(1) Conservation Science Department, Kunsthistorisches Museum Vienna, Burgring 5, A-1010 Vienna, Austria 
 (2) Nuclear Science and Instrumentation Laboratory, IAEA, Seibersdorf, Austria
(3) Ruÿer Boškoviü Institute (RBI) Zagreb, Bijeniþka cesta 54, 10000 Zagreb, Croatia 
(4) Institute of Inorganic Chemistry, Leibniz Universität Hannover, Callinstraße 9, D - 30167 Hannover,
Germany 
(5) Dokumenta Antiqua, Institute for the Study of Ancient Culture, Austrian Academy of Sciences, Bäckerstraße 
13, 1010 Vienna, Austria 
(6) Coin Collection, Kunsthistorisches Museum Vienna, Burgring 5, A-1010 Vienna, Austria 
In the course of the research project “Sylloge Nummorum Sasanidarum”, volume 5, covering 
the coins of Khusro II (591-628), is in preparation. For the scientific investigations 40 coins 
held in the collection of the Kunsthistorisches Museum (KHM) were analyzed on the surface 
using Micro X-ray fluorescence (µ-XRF) spectrometry. As surface measurements may yield 
results differing from the bulk composition due to corrosion, production processes including 
surface treatments and/or conservation treatments, it was decided to buy similar coins from 
the free market to conduct also destructive analyses. These 181 coins were cut, one part of 
each object embedded in resin and its cross-section polished to perform bulk analysis. 
The measurements made using µ-XRF revealed the presence of mercury in a significant 
number of the coins. The intensity of the mercury signal varied largely, not only across 
different coins but also within different areas of the same coin. Additionally, such high 
concentrations of Hg could not be presumed to correspond to any known production process 
of the silver alloys. So further studies were performed using an advanced micro-XRF-system 
developed at IAEA Seibersdorf laboratories, allowing to perform 2-dimensional scans with a 
spatial resolution of 25 microns in automatic mode. The inspection of the cross-sections 
revealed an enrichment of mercury, gold and lead on some features of the coins’ surfaces. The 
surface elemental maps for mercury reveal the highest values at the edges of the protruding 
elements of the surface decorations, while the lowest values were found in the cavities 
between the latter. 
Additional investigations were performed on four coins with the micro proton induced X-ray  
emission  (PIXE)  facility  of  the  Ruder  Boskovic  Institute  in  Zagreb, Croatia.  
Also the presence of gold in the Hg layer could be confirmed. 
Up to now the relevance of the Hg layer could not be clarified. One possible explanation 
could be the use of mercury-rich ointments for medical and cosmetic treatments in ancient 
times, but this is still a matter of further investigations and discussion. 
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Degraded smalt in 17th C. paintings: 
an investigation at multiple length scales 
G. Nuyts(1), F. Vanmeert(1), M. Alfeld(1,3), G. Van der Snickt(1), W. De Nolf(1), 
K. Janssens(1), J. Titanah(2), D. Lamoen(2), H. Tan(2), J. Verbeeck(2),  
A. Van Loon(4), P. Noble(4,5), J. Dik(6) 
(1) AXES, Chemistry Department, University of Antwerp, Belgium 
(2) EMAT, Physics Department, University of Antwerp, Belgium
(3) PETRA-III, Deutsches Elektronen Synchrotron, Hamburg, Germany 
(4) Conservation Studio, Mauritshuis, Den Haag, The Netherlands 
(5) Paintings Conversation Studio, Rijksmuseum Amsterdam, The Netherlands 
(6) Department of Materials Science, Delft University of Technology, The Netherlands 
The loss of color suffered by degraded smalt, a blue pigment that consists of potassium-rich 
glass doped with Co2+ ions, is well documented. In the literature, the chemical transformation 
that causes this colour loss is attributed to a change in coordination of the Co2+ from 
tetrahedral to octahedral which is in its turn prompted by the gradual leaching of potassium 
from of the glass particles. 
In this study, we present results of the examination of several 17th C. paintings in which 
degradation of smalt has been observed, gathered at multiple length scales. In first place, the 
distribution of smalt throughout the paintings was investigated by means of Macroscopic X-
ray fluorescence analysis. This allows to establish in which areas of the painting the smalt is 
still intact and where strong(er) loss of color has taken place and to correlate this to changes 
in paint composition. 
Secondly, on smalt grains (part of paint cross sections)that have partially lost their color, 
microscopic X-ray absorption near-edge structure (XANES) measurements were undertaken 
in order to document better the correlation between glass color, local K-, Co-, Ni- and As- 
abundance and the XANES response. Also DFT calculations were undertaken to support the 
interpretation of the XANES results in a qualitative manner. These results generally confirm 
the insights already present in the literature re. the change in Co coordination caused by local 
loss of K+-ions. 
Thirdly, some strongly degraded smalt was examined by means of STEM-EELS. These 
investigations allow to obtain information on the structural effects of the leaching-out 
phenomenon on the glass at the nanoscopic scale while also the formation of a Co-containing 
crystalline nanophase was observed. This phase could be identified using a combination of 
Energy Electron Loss Spectroscopy (EELS) and Selected Area Electron Diffraction (SAED).  
These results permit us to formulate a hypothesis regarding the occurrence of additional steps 
in the degradation process of smalt. 
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Hongying Duan(1,2), Dongge Ji(1,2), Yinzhong Ding(1,2), Guangyao Wang(3),
Jianming Zheng(4), Guanggui Zhou(5), Jianmin Miao(1,2)
(1) Key Scientific Research Base of Ancient Ceramics (the Palace Museum), State Administration of Cultural 
Heritage, Beijing 100009 China
(2) Conservation Department, the Palace Museum, Beijing 100009 China
(3) Department of Objects and Decorative Arts, the Palace Museum, Beijing 100009 China
(4) Zhejiang Provincial Cultural Relics Archaeological Research Institute, Hangzhou, Zhejiang 310014 China
(5) Longquan Celadon Museum, Longquan, Zhejiang 323000 China
Longquan celadon is one of the most valuable treasures in Chinese ceramic history. The 
famous products are Ge ware ("elder brother" celadon, black thin body, thick glaze, crackle 
decorative glaze, purple mouth and iron foot) and Di ware ("younger brother" celadon, gray 
or white body, thick glaze) in Song Dynasty (960-1279 A.D.). Since 2010, archaeologists kept 
carrying out excavations in Longquan city of Zhejiang province of China which was aimed at 
investigating the Ge ware. Great achievements had been obtained. Two dragon kilns and a 
great quantity of celadon shards, both black body celadon and gray body celadon were found 
in Wayaoyang kiln site, Xikou region of Longquan. In order to reveal the characteristics and 
differences between those Ge ware and Di ware, thirty-five shards of Ge ware and thirty-six
shards of Di ware all dated in Song Dynasty were collected and studied in this work. In 
addition, raw materials from modern factory were also studied. 
Chemical composition, phase composition, visual appearance and microstructure, thickness of 
body and glaze, firing temperature and glaze reflectance spectrum were investigated by means 
of energy dispersive X-ray fluorescence (EDXRF), laser ablation inductively coupled plasma 
mass spectrometry (LA-ICP-MS), X-ray diffraction (XRD), optical microscopy, polarizing 
microscopy, field emission electron microscopy (FESEM), thermal expansion analyzer and 
UV-Vis-NIR spectrophotometer. The results indicate that: (1) Between Ge and Di wares, their 
body chemical composition was different while glaze composition was similar, implying 
glaze was more valued at that time. Both Ge ware and Di ware used local porcelain clay and 
Zijin clay two-components recipe for body. Different body chemical composition indicated 
different raw material resource or different ratio of materials. Plant ash, limestone and 
porcelain clay were applied as glaze material. (2) The glaze both belonged to crystallization-
phase separation glaze, containing anorthite, unmelted quartzˈbubbles and liquid-liquid
phase separation, which made celadon glaze jade-like appearance. (3) Thickness of body and 
glaze of Ge ware were close to Guan ware shards excavated at Laohudong kiln site (imperial 
kiln, fired Guan celadon in Southern Song Dynasty 1127-1279 A. D.), besides that, multilayer 
glaze structure was observed in some Ge ware shards. All these characteristics matched Guan 
ware's, strongly implying technology communication existed between them. (4) From the 
viewpoint of type, it was widely accepted by archaeologists that some Ge wares were fired 
according to "the Standard" given by the imperial court. Combination with the historical 
background, the court moved from north China to south China and lots of celadons were 
needed. Since raw material and kiln structure were total different between the north and south, 
author speculated that technology exploration should be made and some Ge wares in 
Wayaoyang  kiln might be test products of jade-like black body celadon for the imperial court. 
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Discoveries and oddities in library materials 
Marina Bicchieri(1) and Flavia Pinzari(2)
(1) Istituto Centrale Restauro e Conservazione Patrimonio Archivistico Librario (ICRCPAL). Via Milano 76, 
00184 Roma (Italy) 
 (2) Consiglio per la Ricerca in Agricoltura e l'Analisi dell'Economia Agraria. Centro di ricerca per lo studio 
delle Relazioni tra Pianta e Suolo (CRA-RPS). Via della Navicella 2-4, 00184 Roma (Italy) 
Surprising discoveries can occur while analyzing library materials.  
This paper presents four case studies focusing on four artifacts of different age and 
provenance, all analyzed and investigated at the ICRCPAL. 
The first case deals with two parchment codes found in 2008 during a fishing expedition in 
the Canale di Sicilia. SEM and EDS analyses allowed for the creation of a compositional map 
of the surface of the samples, where several microscopic encrusting sea organisms and 
biogenic materials were also observed. Almost nothing of the original structure of the 
parchment could be recognized at SEM. The absence of the typical collagen features was 
confirmed by Raman analyses: only spectra of a cis-isoprenic polymer of biogenic origin 
were collected [1]. 
The second case deals with fragments of ancient manuscripts that were found in 2007 buried 
in the walls of the Great Mosque of Sana’a in Yemen. The combination of SEM and Raman 
analyses allowed for the documentation of a biogenic formation of calcium oxalate crystals. 
An additional outstanding discovery regarded the dark brown inks of a Quranic fragment (11th 
c.). SEM micrographs disclosed the presence of red blood cells mixed to inks components. 
The inks were also investigated with Raman spectroscopy [2]. 
The third case study is the book “Libretto di appunti del Padre Zazzera”, (17th c.). The book 
presented a peculiar modification of the black ink that appeared to be faded and turned to a 
white-yellowish color. Raman and SEM analyses recognized a biogenic formation of jarosite 
on top of the ink [3]. The removal of the jarosite layer allowed an easier reading of the text.  
The fourth and last case analyzed and presented in this paper consists on the measurements 
campaign on the invaluable Purple Codex Rossanensis (6th c.). The Raman analysis allowed, 
to demonstrate the use of the elderberry lake to obtain a mauve color. It is the first 
experimental evidence of the use of that particular dye in a so ancient illuminated manuscript 
[4]. The measurements performed by means of SEM and EDS on small particles and 
microscopic "objects" found on the Codex supported some intriguing hypothesis on its history 
and vicissitudes. 
We could say, with a smile, that in the analysis of library materials we “have seen things you 
people wouldn't believe…” [5]. 
[1] G. Massé, S.T. Belt, S.J. Rowland S.J, Phytochemistry 65, 2004, 1101. 
[2] F. Pinzari, M. Bicchieri, MC Misiti, Proceedings of MCM2011, 2011, 695. 
[3] G.A. Desborough et al, Cosmochimica Acta 74, 2010, 1041. 
[4] M. Bicchieri, Environmental Science and Pollution Research, 21(24), 2014, 14146. 
[5] Blade Runner, Ridley Scott, Warner Bros. 1982, Roy Batty monologue.
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Rethinking the application of micro-analytical techniques: 
an interdisciplinary approach to the study of Islamic inks 
Claudia Colini(1) and Oliver Hahn(1,2)
(1) Centre for the Study of Manuscript Cultures, Warburgstraße 26, 20354 Hamburg, Germany 
 (2) BAM Federal Institute for Materials Research and Testing, Unter den Eichen 44-46, 12203 Berlin, Germany 
In this talk we will present a research project on the use of various micro-analytical 
techniques on Islamic black inks that we hope will be beneficial for many disciplinary areas, 
from material chemistry to historical research to conservation.
The main aims of this study are: 
1) Production of a database of spectra for each analytical technique applied to samples of
ingredients and recipes used in the Islamic world, as they were handed down in
historical Arabic sources, that can be compared with the data from original
manuscripts;
2) Optimization of the application parameters for the analytical techniques;
3) Observation of material decay caused by artificial ageing with an eye to the presence
of a relation between recipes and typology of damage.
The systematic study of ancient treatises – composed between the 12th and 14th c., in an area 
ranging from Iraq to al-Andalus, from the Mediterranean Sea to Yemen, but copied 
throughout the centuries (the latest manuscripts are from the 19th c.) and throughout the 
Islamic countries – allowed the aggregation of a large quantity and variety of ingredients and 
production techniques as close as possible to the historical facts, facilitating research and 
observation with a much broader scope than usual, something unthinkable using the analysis 
of a single item.
Bearing in mind that the aim of the project is to offer a tool to compare old and new data, a 
wide range of techniques, chosen among the more accessible, non-destructive, non-invasive 
ones and performed with portable instruments, will be used to analyse the ingredients and 
recipes – before and after ageing. They are in particular: colorimetry, pH measurement, 3D 
microscopy, multispectral imaging, ATR-FTIR spectroscopy, micro-Raman spectroscopy, 
micro-XRF spectroscopy. The only exception will be ESEM-EDS, but it will help us to better 
correlate morphological observations and chemical results on samples. 
By collating such a wide variety of results, we hope to find correlations that will allow future 
researchers to infer data based on a limited range of techniques, optimizing the number and 
kind of tests needed to obtain satisfactory results. 
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Non-invasive in situ analytical techniques working in 
synergy: the application on graduals held in the Certosa di 
Pavia 
Bonizzoni L.(1), Bruni S.(2), Galli A.(3), Gargano M.(1), 
Guglielmi V.(2), Ludwig N.(2) and Lodi. L.(4) 
(1) Università degli Studi di Milano, Dipartimento di Fisica, via Celoria 16, 20131 Milano (Italy) 
 (2) Università degli Studi di Milano, Dipartimento di Chimica, via Golgi 19, 20133  Milano (Italy) 
(3) CNR-IFN, INFN and Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca, via R. 
Cozzi 55, 20125 Milano (Italy) 
(4) Soprintendenza BSAE di Milano, via Brera 28, 20121 Milano (Italy) 
The old library of the Certosa di Pavia still holds thirteen graduals, choir-books with lyrics 
and scores. Their rich decorations were made by various artist monks during the XV cent. In 
2009, the gradual numbered 814 underwent a conservative restoration intervention under the 
supervision of the Certosa Museum Director, Letizia Lodi, to be on display in Verona and 
later it was also included in the exhibition of Arcimboldo works in Milan (2011). 
Non-invasive in situ analyses [1-4] were performed on seven books of this collection, 
considering fourteen illuminated pages in total, painted by four authors: Girolamo dai Libri, 
Evangelista della Croce, Benedetto da Bergamo and Guarniero Beretta. They showed 
different technical features, but the same typical materials [5- 7]. Pigments, and binders were 
examined exploiting the synergy between four complementary techniques, namely XRF (X-
ray fluorescence), FORS (Fiber Optics Reflectance Spectroscopy), FT-IR (Fourier 
Transformed Infrared analysis) and micro-Raman spectroscopy.  
Summarizing the palette, the blue pigments used are ultramarine, azurite and, in one case, 
smalt blue; the red and pink hues are given by red ochre, cinnabar and lakes; the yellow ones 
by orpiment, lead-tin yellow and yellow ochre. The white used is lead white, both in mixtures 
and as under layer. Intriguing is the case of green pigments, recognized as malachite and basic 
copper sulfate, but possibly also given as a mixture of blue (azurite) and yellow pigments. 
The different kind of gold and silver gildings were considered and investigated, accounting 
for different executing techniques for the different authors. Closing challenge, determining 
the binders without any sampling, but exploiting FT-IR spectra for the detection of 
proteinaceous binders, such as egg white, and polysaccharide binders, such as gum Arabic. 
[1] M. Bacci, R. Bellucci , C. Cucci , C. Frosinini , M. Picollo, S. Porcinai, B. Radicati Mat. Res. Soc. Symp. 
Proc., 2005 
[2] L. Bonizzoni , S. Caglio , A. Galli, G. Poldi  Applied Physics A 92, 203-210 (2008). 
[3] B. M. Bacci Modern Analytical Methods in Art and Archaeology, Wiley-Interscience, New York. 2000 
[4]  S. Bruni, F. Cariati, F. Casadio, L. Toniolo, Spectrochimica Acta Part A, 55, 1371 (1999). 
[5] S. B. Tosatti, Materiali e procedimenti della miniature medievale, Unicopli , Milano 2011. 
[6] C. Cennini Il Libro dell’arte,  Ed: Felice Le Monnier, Firenze (1859) 
[7] R. J. Gettens, G. L. Stout  Painting Materials: a short encyclopedia, Dover Publication Inc., New York. 
(1966) 
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M. Missori(1), O. Pulci(1,2), L. Teodonio(1,2,3), P. Salvi(4), M. C. Misiti(3), 
J. Lojewska(5), C. Violante(2), A. Mosca Conte(1,2)
(1) Istituto dei Sistemi Complessi,CNR, Via Salaria Km 29.300, Monterotondo Scalo, Rome, Italy. 
(2) ETSF, MIFP, Dip. di Fisica, Università di Roma Tor Vergata, Via della Ricerca Scientica 1, Rome, Italy. 
(3) ICRCPAL, MIBACT, via Milano 76, 00184, Rome, Italy. 
(4) Accademia di Belle Arti di Brera, Via Brera 28, Milano, Italy. 
(5) Faculty of Chemistry, Jagiellonian University, Ingardena 3, 30-060 Kraków, Poland. 
For centuries mankind has stored its knowledge on paper, an extraordinary bio-material 
mostly made of natural fibers of cellulose. However, due to adverse environmental conditions 
cellulose degrades following the synergic action of hydrolytic and oxidative reactions [1]. The 
yellowing of ancient paper is attributed to the development of light-absorbing oxidized 
groups, known as chromophores, in cellulose [2]. 
In this talk we will present recent results allowing the identification and quantification of the 
chromophores responsible for the yellowing of two masterpieces of Leonardo da Vinci, the 
self-portrait and the Codex on the Flight of Birds [3]. To this goal, we apply an innovative 
experimental-theoretical approach [1,4]. It is based on non-destructive and non-invasive 
UV/Vis/NIR absolute reflectance spectroscopy of paper surface and ab-initio Time-
Dependent Density Functional Theory simulations. 
Through the comparison of measured and calculated absorption spectra, we identify and 
quantify the concentration of oxidized functional groups acting as chromophores in the 
Leonardo da Vinci’s drawings [5]. We found that the relative concentration of different 
chromophores depends on the overall environmental conditions endured by paper artefacts 
along their history. We also found that the self-portrait is in poor conditions probably due to 
its conservation (humid storage) and exposure to the light in the past [6] while the Codex on 
the Flight of Birds shows good conservation condition. 
Our analysis quantifies the present level of optical degradation of two Leonardo Da Vinci’s 
masterpieces, and, in perspective, will provide a measurement of their degradation rates, that 
is fundamental information in order to plan appropriate conservation interventions. 
[1] T. Lojewski, P. Miskowiec, M. Missori, A. Lubaska, L.M.Proniewicz, J. Lojewska, Carbohydrate Pol. 82(2), 
370-375, 2010.
[2] A. Mosca Conte, O. Pulci, A. Knapik, J. Bagniuk, R. Del Sole, J. Lojewska, and M. Missori, Phys. Rev. 
Lett., 108, 158301, 2012. 
[3] “Leonardo da Vinci – Treasures from Biblioteca Reale, Turin”, Ed. by P. Salvi, Hapax Editore, Torino, Italy, 
2014. 
[4] M. Missori, O. Pulci, L. Teodonio, C. Violante, I. Kupchak, J. Bagniuk, J. Lojewska, and A. Mosca Conte, 
Phys. Rev. B, 89, 054201, 2014. 
[5] A. Mosca Conte, O. Pulci, M. C. Misiti, J. Lojewska, L. Teodonio, C. Violante, and M. Missori, Appl. Phys. 
Lett., 104, 224101, 2014. 
[6] C. Vitulo in “Leonardo. Il Genio, il Mito”, Ed. by C. Pedretti, P. Salvi et al., Cinisello Balsamo (Milan), 
Italy, pp. 23-24, 2011, and “I disegni di Leonardo. Diagnostica, Conservazione, Tutela”, Ed. by M. C. Misiti, 
Livorno, Italy, 2014. 
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Paul Tafforeau(1) 
(1) European Synchrotron Radiation Facility, 71 avenue des Martyrs, 38043 Grenoble, France 
As with the case of the famous Schrödinger paradox, palaeontologists are often confronted 
with a dilemma. In order to study internal structures of rare and precious fossils, it is generally 
necessary to partially or totally destroy these irreplaceable samples. Like in quantum physics, 
mere observation of the sample can strongly influence (or modify) it. On the other hand, 
without these investigations, it is generally impossible to study the specimen in desired detail. 
Fortunately for us, palaeontology is not quantum physics. Thanks to the development of non-
invasive techniques, it is not always necessary to kill Schrödinger’s Cat. Among many other 
techniques, synchrotron microtomography appeared during the last decade as one of the most 
efficient tools to access the internal structures of unique specimens non-destructively. 
I will explain the reasons of the success and uniqueness of this approach by demonstrating the 
most important aspects of synchrotron microtomography for palaeontological research. In 
addition to examples concerning general palaeontology, covering 600 million years and 4 
orders of magnitude in size, I will focus in greater detail on palaeoanthropological aspects, 
with special emphasis on the dental development of fossil hominids. 
Finally, I will present some recent results obtained at the ESRF with microtomography in the 
field of archaeology, which seems to follow the pathway initiated by palaeontology about one 
decade ago. 
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Cultural heritage and archaeology materials at Elettra 
D. Eichert,  A. Gianoncelli,  A. Lausi,  L. Olivi,  L. Vaccari,  F. Zanini*
 Elettra - Sincrotrone Trieste, S.S. 14 - km 163,5 in AREA Science Park, 34149 Basovizza - Trieste, Italy 
* also Scuola Interateneo di Specializzazione in Beni Archeologici, Via Lazzaretto Vecchio 6, 34123 Trieste
The use of synchrotron radiation for the analysis of samples of historical and artistic 
importance has been increasing over the past years, and experiments related to the study of 
our cultural heritage have been routinely performed at many beamlines of Elettra, the Italian 
synchrotron radiation facility. The wide portfolio of techniques, the possibility of correlating 
the results of the available techniques, offer an ideal environment for advanced research in 
this field. 
X-Ray Fluorescence is a highly versatile beamline working in an energy range between 2 and 
14 keV. The beamline is optically designed to present beam parameters needed for high level 
measurements in spectroscopy as well as in microscopy. The beamline hosts an ultra-high 
vacuum chamber, in partnership with the IAEA, which will allows the synergistic application 
of various X-Ray Fluorescence techniques together with X-ray Absorption Near Edge 
Structure (XANES) and X-Ray Reflectometry. 
TwinMic, the European Soft X-ray Transmission and Emission Microscope, integrates the 
advantages of complementary scanning and full-field imaging modes into a single instrument. 
TwinMic operates in the 400-2200 eV energy range. This microscope station has been 
designed as highly modular in its optical configuration and specimen environment, and an 
international community of scientists and technicians continuously improves the instruments 
performance and versatility to suit the experimenter's requirements.
The flexible design of the MCX beamline allows a wide range of non-single crystal 
diffraction experiments relevant for the cultural heritage, from phase identification to atomic 
structural studies. Other powder diffraction techniques that can be applied to cultural heritage 
materials comprise texture and orientation determination of the crystalline phases and the 
determination of the microstructure of the sample in terms of crystallite size, defects 
characterization and accumulated strain.
The XAFS beamline, working in the energy range between 2.4 and 27 keV, provides 
microscopic structural information through the analysis of a sample X-ray absorption 
spectrum, with unique applications in the field of cultural heritage. It is a powerful local 
structural probe, which does not require long-range order, and allows the determination of the 
chemical environment of a single element in terms of number and type of neighbours, 
interatomic distances and structural disorder. 
Infrared Microscopy techniques at SISSI beamline offer the possibility to correlate the sample 
morphological features with its vibrational local pattern at diffraction limited spatial 
resolution. Chemical information on both organic and inorganic constituents of art pieces can 
be obtained at SISSI, exploiting several sampling methodologies, suitable for probing thin 
sections and material surface properties as well. 
SYRMEP, the X-ray microimaging and microtomography station, with an energy range of 8.3 
- 35 keV, is a highly flexible beamline allowing the analysis of samples in both absorption 
and phase contrast mode. The versatility of this instruments has attracted researchers from 
different communities, from restoration and conservation to art history, archaeology and 
paleoanthropology. 
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Languille Marie-Angélique(1,2), Gervais Claire(3), Garnier Chantal(2), Reguer 
Solenn(4) , Briois Valérie(4)
(1) IPANEMA, USR3461 CNRS/MCC, Synchrotron SOLEIL, BP48 Saint-Aubin, F-91192 Gif-sur-
Yvette,France  
(2) Centre de Recherche sur la Conservation, USR3224 CNRS/MNHN/MCC, CP21, 36 rue Geoffroy-Saint-
Hilaire, 75005 Paris, France
(3) Bern University of the Arts, Fellerstrasse 11, CH-3027 Bern, Switzerland 
(4) Synchrotron SOLEIL, BP48 Saint-Aubin, F-91192 Gif-sur-Yvette, France 
The heart of this presentation will focus on cyanotypes and Louis Ducos du Hauron 
heliochromes, 19th century photographic processes of interest because of conservation issues 
[1,2]. The resulting photographic materials are known to fade under visible light due to the 
photoreduction of Prussian blue pigment that is contained in both of them. We will here 
present how the study of these Prussian blue-containing photographic materials can benefit 
from quick X-ray absorption spectroscopy (XAS), available at the SAMBA beamline 
(SOLEIL synchrotron, France), state of the art X-ray absorption beamline. The potential of 
XAS for investigating photographic materials has already been reported once for the study of 
dyes, silver ligands, and their metal complexes [3]. We stress the fact that, since photographic 
materials are highly photosensitive, reliable XAS measurements on them are challenging. 
We will first show in which experimental conditions these photographic materials are stable 
under X-ray exposure. The aging of the blue layer of the trichromy-based Ducos du Hauron 
process under visible light will be discussed through the comparison of Fe K-edge spectra of 
blue monochromes before and after ex situ artificial aging (cf. Figure 1). Concerning 
cyanotypes, we will present the evolution of the Fe K-edge during in situ UV-visible light 
exposure. Our quick-XAS measurements allow to trace back the origin of fading of these 
materials to the Prussian blue structure, evolving in two steps: (i) a reduction of iron species 
and (ii) then a change in the Fe local environment. 
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Figure 1 Normalised Fe K-edge spectra of blue monochromes prepared according
to the 1870 recipe of Louis Ducos du Hauron (DDH-70S) before and after light artificial aging. 
Acquisition time of 5 s/spectrum, spectra averaged on 40 successive spectra. 
[1] M. Ware, Cyanotype: The History, Science, and Art of Photographic Printing in Prussian Blue, National 
Museum of Photography, Film, and Television, Bradford, UK, 1999.  
[2] M. Gillet, C. Garnier, B. Lavédrine. Musées et collections publiques de France, 251, 2007, 61-62. 
[3] Teresa A. Smith, Jane G. Dewit, Britt Hedman, and Keith O. Hodgson. J. Am. Chem. Soc. 116, 1994, 3836-
3847.  C. Gervais, M.-A. Languille, S. Réguer, M. Gillet, S. Pelletier, C. Garnier, E. P. Vicenzi, and L. 
Bertrand. J. Anal. At. Spectrom., 28(10), 2013, 1600. 
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The characterization of historic mortars: a comparison 
between powder diffraction and synchrotron radiation 
based X-ray absorption spectroscopy  
Josef Hormes (1,2), Anja Diekamp(3), Wantana Klysubun(4), Norbert Börste(5) 
(1) Institute of Physics, Bonn University, Nussallee 12, D-53129 Bonn, Germany 
(2) Center for Advanced Microstructures and Devices, Louisiana State University, Baton Rouge, USA 
(3)  Material Technology Innsbruck (MTI), University of Innsbruck, Innnsbruck, Austria 
(4) Synchrotron Light Research Institute, Nakhon Ratchasima, Thailand 
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Though of significant importance for conservation and restoration of historical buildings, 
investigations are missing characterizing in detail materials and technologies used for the 
fabrication of mortar and specifically of mortar binder.  The major reason for this 
shortcoming is that fact that Mortar is a very challenging system for any type of 
chemical/mineralogical analysis. It is heterogeneous as it consists of a binder and a variety of 
aggregates and/or additives that sometimes interact with each other changing the properties of 
the binder. Mortar is also heterogeneous regarding the relevant size distribution ranging from 
several millimeters or more to nanometers. There are also very strong indications that part of 
the material is  “X-ray amorphous” [1] so that diffraction techniques analyze only part of the 
material. For an improved analysis of the major mortar components (binder and aggregates) a 
mechanical separation between sizes >63 μm and sizes < 63 μm was suggested [2] assuming 
that the samples with the smaller average sizes are enriched in binder material.  
X-ray absorption near edge structure (XANES) experiments provide detailed information 
about the chemical speciation of the element of interest without requiring any long range 
order (cristallinity). For XANES experiments the energy dependence of the photoabsorption 
cross section is measured around an inner shell of the element of interest so that a “continuous 
X-ray source” is required. Thus, most XANES experiments are carried out using synchrotron 
radiation. XANES spectra imply not just information about the valence state of the various 
elements but also information about the chemical environment similar to information from 
XRD spectra. In most cases, XANES spectra are analyzed by comparing the XANES spectra 
of the “unknown samples” with appropriate (crystalline) reference compounds with known 
structure (fingerprint method).  
In this contribution we present results from a direct comparison of XRD and XANES results 
for several historic mortars, e.g. from the Cathedral in Paderborn and the Abbey of Saint John 
at Müstair. Using a suitable sieve the as collected samples were separated into two 
components with average sizes > and < 75 μm. Both components were analyzed using 
conventional XRD and XANES spectroscopy at the Ca and Fe-K-edges using BL8 at the 
Synchrotron Light Research Institute in Nakhon Ratchasima (Thailand). The differences of 
the results  obtained from the various techniques are discussed in the context of the general 
sensitivity of the applied techniques, sample characteristics (e.g. crystallinity), and analysis of 
data.  
[1] M. Lezzerini, S. Legnaioli, G. Lorenzetti, V. Palleschi, M. Tamponi, Constr. Building Mater. 69, 2014, 203 – 
212 
[2] J. Elsen, G. Mertens, K. van Balen, Euro. J. Mineral. 23, 2011, 871 – 882 
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Markus Weder(2), Max Aeberhard(2), Dominique Derome(2), Ester S.B. Ferreira(1) 
(1) Swiss Institute for Art Research SIK-ISEA (Zollikerstrasse 32, 8032 Zürich, Switzerland) 
 (2) Swiss Federal Laboratories for Materials Science and Technology EMPA (Überlandstrasse 129, 8600 
Dübendorf, Switzerland and Lerchenfeldstrasse 5, 9014 Sankt Gallen, Switzerland) 
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Moisture is an important damage factor in paintings on textile support [1, 2]. Many of the 
materials used in such paintings are hygroscopic, but they respond differently to fluctuations 
of humidity in the surrounding air. The authors have previously reported on cold neutron 
radiography as an innovative way to observe the water uptake in individual layers of 
reconstructed paintings [3]. The work presented here focuses on strategies for improving 
spatial resolution, experimental procedures, data reproducibility and interpretation. In order to 
better understand the hygro-mechanical response of paintings as complex layered systems, the 
moisture properties of their components were also measured separately. 
Reconstructions of sized canvas with incremental layers of chalk-glue ground paint and 
pigmented oil paint were produced according to the historical materials and techniques used 
by the Swiss painter Cuno Amiet around 1900 [4]. Cut specimens of 5 x 12 mm were 
mounted in custom-built sample holders, placed in a small aluminium climatic chamber, and 
measured in the ICON cold neutron beamline at SINQ (PSI, Villigen). The initially dry 
samples were first exposed to 90%RH during 4h, and then to 10%RH during 3h, while 
radiography images were collected every 120 seconds. By using a tilted detector, the pixel 
size in the direction perpendicular to the layers was reduced almost sixfold to 2.3 
micrometres. After image enhancement, normalisation and calibration, moisture content of 
the individual layers and sample swelling could be quantified.  
Complementary material testing in order to aid the interpretation consisted of dynamic vapour 
sorption tests (DVS) to measure the sorption isotherms and cup tests and double-chamber 
tests to measure the permeability of the layers. The very high permeability of the weave 
explains the uniform uptake over its thickness as observed in initial stages of the neutron 
imaging experiments. The glue has a low permeability, slowing down the vapour transmission 
especially when it is applied as a continuous layer. The oil paint, which also absorbs the least, 
has by far the lowest permeability of all layers.  
This innovative combined approach provides new insight into the behaviour of multi-layered 
canvas paintings with relevance for preventive conservation and conservation treatment 
strategy. 
[1] Mecklenburg, M.F., Micro climates and moisture induced damage to paintings. in: Proceedings of the 
Museum Microclimates Conference (ed. Padfield, T. and Borchersen, K.), Copenhagen, 19-23 Nov 2007, 19-26.  
[2] Hedley, G., The practicalities of the interaction of moisture with oil paintings on canvas. in: Villers, C. (ed.), 
Measured Opinions: Collected Papers on the Conservation of Paintings, United Kingdom Institute for 
Conservation, 1993, 112–122.  
[3] Boon, J.J., Hendrickx R., Eijkel G., Cerjak I., Kaestner A., Ferreira E.S.B.  Neutron radiography for the study 
of water uptake in painitng canvases and preparation layers, in preparation for publication. 
[4] Beltinger K., Ferreira E.S.B., Wyss K.,  Technologische Forschungen zur Malerei von Cuno Amiet (1883–
1914). Kunstmaterial 3 (Scheidegger & Spiess, in preparation for publication). 
O-71
TECHNART 2015 INVITED AND ORAL CONTRIBUTIONS
,GHQWLILFDWLRQRIGHJUDGDWLRQSURGXFWVLQSDLQWLQJVRI
GLIIHUHQWWHFKQLTXHVDQGSHULRGV
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Paintings undergo alterations leading to changes of their physical stability and appearance. 
The ageing of egg yolk and drying oil, used in artworks as binding media, produces free fatty 
acids. Chemical interactions between free fatty acids and metals of pigments lead to the 
formation of metal carboxylates or oxalates. Carboxylates affect the artwork to a large extent 
forming prostrutions (metal soaps aggregates), resulting in the breaking up of the paint layers; 
oxalates are usually found on the surface of the painting and the investigation of the origin of 
their formation is a complicated analytical task [1, 2, 3, 4]. In the present study, three 
paintings dated to different periods, in need of conservation, are discussed under the same 
perspective: to explore the spatially resolved detection of metal oxalates and carboxylates as a 
key information in the investigation of their action in the preservation state of the artworks. 
The first is a 20th century Italian oil painting, slightly darkened through ages, and although it 
has never been exposed to any environmental hazardous conditions, the formation of zinc 
metal soaps and oxalates is attested. The second is the 19th century wall paintings of the Greek 
Orthodox Church in Trieste, presenting extensive flaking, which is most probably associated 
with the widespread presence of oxalates and carboxylates progressively formed throughout 
the stratigraphy of the murals painted with an oil binder. Finally, the presence of calcium 
oxalates in the wall paintings of a Hellenistic tomb in Aegina Island, Greece can be 
considered as an informative marker of the use of an organic medium enhancing the binding 
of the paint layers on the lime mortar. These degradation products are present in very low 
concentration, what renders tricky their detection and localisation in the stratigraphy [2]. In all 
cases, the application of FTIR imaging in transmission mode on thin sections of the 
stratigraphy, was proved uniquely efficient to obtain informative chemical images and high 
quality spectral data relevant for the identification of the compounds under investigation. 
[1] R. Mazzeo, S. Prati, M. Quaranta, E. Joseph, E. Kendix, M. Galeotti, Anal. Bioanal. Chem.392,2008, 65-76. 
[2] N. Salvadò, S. Buttí, J. Nicholsonb, H. Emerich, A. Labrador, T. Pradell, Talanta 79, 2009,  419–428. 
[3] L. Monico, F. Rosi, C. Miliani, A. Daveri, B.G. Brunetti, Spectrochim. Acta, Part A 116, 2013, 270-280. 
[4]T. Poli, A.Piccirillo, A. Zoccali, C. Conti, M. Nervo, O.Chiantore, Polym. Degrad. Stabil.102, 2014, 138-144. 
Graphical Abstract 
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Optical devices provide unprecedented insights into the 
laser cleaning of calcium oxalate layers 
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 (1) INO, Largo Fermi 6, 50125 – Firenze, Italy 
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Calcium oxalates are insoluble colourless or whitish salts constituting noble patina on both 
natural and artificial stone artworks’ surfaces the presence of which is extremely valued. The 
oxalates are not considered detrimental to the substrate, however, being often accompanied by 
other substances such as gypsum, silicates, carbon and pigment particles, they may form very 
adherent, relatively thick and coloured layers creating disfiguring effects and hinder legibility 
of the pictorial surface. For this reason it may be appropriate to diminish their thickness but 
patina’s partial preservation is particularly required calling for extremely gradual and 
controllable cleaning approach. The choice of the suitable cleaning methodology is a very 
demanding task necessitating expertise of restorers and conservation scientists who should be 
possibly assisted by analytical information on the cleaning efficacy, graduality and selectivity, 
surface morphology and colour.  
To this aim a three-dimensional investigation involving different advanced and 
complementary optical techniques is proposed to monitor the partial reduction of oxalate 
layers and the outcome of which was tested on the 15th century fresco affected by a dark
brown oxalate patina. In specific, Near-infrared confocal laser scanning microscopy (CSLM), 
Optical Coherence Tomography (OCT), laser microprofilometry and ultra-close-range 
photogrammetry as well as colorimetry surveyed the surface cleaned by chemical (poultice) 
and physical (lasers) means. In the first place, OCT, providing a non-invasive stratigraphic 
cross-section of examined surface, allowed both to distinguish the oxalate from the 
underlying original layers and therefore to have an overview about its distribution, and to 
numerically evaluate its thickness. This discovery has a great importance for the conservation 
community since a vast range of substrates may be covered by thin oxalate layer (natural and 
artificial stone, etc.). Both the laser scanning conoscopic microprofilometry and ultra-close-
range photogrammetry, allow for a high-density sampling of the artwork’s surface providing a 
three-dimensional model of the surface pattern relevant to the measured areas by different 
resolution and modality of acquisition. They were used to estimate the amount of the material 
removed by the measurement of the quota values, and to control the surface roughness. 
The successful exploitation of proposed exceptional cleaning monitoring methodology may 
be seen as a new and valid support for the restorers in the conservation of mural painting or 
other surfaces covered by oxalate layers and may pilot more targeted, cautious and respectful 
cleaning intervention. 
[1] I. Barbetti, A. Felici, D. Magrini, R. Manganelli Del Fà, C. Riminesi. (2013). Ultra Close-range 
Photogrammetry to Assess the Roughness of the Wall Painting Surfaces after Cleaning Treatments. International 
Journal of Conservation Science, Special Issue. 4, 525-534
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Study of the corrosion processes on Roman and Byzantine 
glasses from Northern Tunisia 
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Fantauzzi4 , D. Atzei4 ,A. Rossi4, D. Barca5, M. La Russa5
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3Dipartimento di Fisica, Via Celoria 16, Università degli Studi di Milano, Milano 
4Dipartimento di Scienze Chimiche e Geologiche S.S. 554 bivio per Sestu, Università degli Studi di Cagliari, 
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Roman and Byzantine glass shards collected during excavation campaigns around the ancient 
city of Thugga in northern Tunisia [1,2] have been characterized by means of numerous 
analytical techniques. SEM-EDX (scanning electron microscopy coupled with X-ray 
photoelectron spectroscopy) and pXRF (portable X-Ray Fluorescence)  were used to study the 
glass matrix elemental composition and to identify the elements responsible for the colour. 
FORS (fibre optic reflectance spectroscopy) was employed to investigate the chemical nature, 
the oxidation state and the coordination of the chromophores. The study of the elements 
oxidation state was also carried out by XPS (X-ray Photoelectron Spectroscopy). 
The study of the chemical composition and the identification of the elements responsible for 
the colour are of great interest to provide data to the archaeologists to make hypotheses on the 
technological knowledge and to acquire information on glass provenance. By elemental 
analyses (pXRF and SEM-EDX) it has been pointed out that Si, Fe, Al, Ca, K, Rb, Sr, Na and 
Mg are the main elements present. The chemical elements responsible for the different shades 
are generally Fe for the green shades, Cu and Co for the blue ones, Mn (used as discolouring 
agent) for the transparent samples.  As concerns the raw materials used for glass production, 
by the comparison with control groups of samples from Northern Tunisia [3], a common local 
provenance of sands can be hypothesized. A very interesting aspect concerning archaeological 
glass analysis is represented by the study of the degradation and corrosion processes [4].  
Both soil and groundwater composition, if the objects were buried, play an important role in 
the glass degradation phenomena. The corrosion process generally may be due to a leaching 
of alkali and alkaline earth ions that causes the destruction of the glass and iridescence 
formation.
The study of the morphology and the chemical composition of the iridescent and corrosion 
layers has been performed  by  SEM-EDX, XPS and laser ablation ICP-MS. Small area XPS 
results showed that, compared to the unaltered areas, the surfaces of the iridescent areas were 
strongly hydrated and alkali depleted. By using laser ablation ICP-MS it’is possible to 
determine a great number of trace and RE elements at a low concentration (10 ppb – 100 
ppm) with very low detection limits, allowing the complete chemical characterization of the 
glass shards and the corrosion layers. 
 [1] de Vos, M., 2000. Rus Africum. Terra acqua olio nell’Africa settentrionale. Scavo e ricognizione nei 
dintorni di Dougga (Alto Tell tunisino). Trento. 
[2] Raaijmakers de Vos, M., & R. Attoui, 2013. Rus Africum: tome I. Le paysage rural antique autour de 
Dougga et Téboursouk: cartographie, relevés et chronologie des établissements, Bari. 
 [3] Foy D. 2003, Le verre en Tunisie: L’apport des fouilles récentes tuniso-françaises, Journal of Glass Studies 
45, 59- 90. 
[4] M. T. Dome´nech-Carbo, A. Dome´nech-Carbo´, L. Osete-Cortina, M. C. Saurı´-Peris 2006, Microchim Acta 
(154), 123. 
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Several pollution sources can have harmful effects on most building materials and cause 
significative damage on of the built Heritage. In order to assess remediation and preservation 
measures for the affected artworks it is essential to know the origin of pollutants and their 
migration pathways into building materials. For such purpose, geochemical tracers can be 
particularly useful [1]. Regarding the main air pollutants that have been reported as 
damaging for stone building materials, some gaseous compounds (such as CO, CO2, SO2
and NOx) are produced by several anthropogenic activities, mainly from industrial and 
domestic air emissions and exhaust of car engines. Such gaseous emissions and diffusion are 
linked to the emission and diffusion of particles [2]. The origin and diffusion of such 
pollutants has been studied by several methods. Several instrumental methods of analysis 
allow studying the composition of deteriorated building materials, dust deposits and coatings 
developed on buildings. Moreover, the use of light stable isotopes has provided interesting 
results in the last years [3], require a small amounts of sample so they can be considered as 
micro-destructive. Moreover, some non-destructive analyses can help to chose sampling 
targets to minimize damage to materials in sampling [4]. The reaction of gaseous 
compounds and deposition of particulate matter on building surfaces can be traced despite 
some changes in the fractionation due to emission and diffusion reactions. The use of the 
light isotopes can also be used to distinguish the contribution of other pollution sources. In 
this work we have analysed light stable isotopes on damaged and undamaged building 
materials and pollution deposits (urban dust) on urban Heritage buildings of Northern Spain 
and Portugal to test and compare results on different buildings and try to correlate them with 
several pollution sources. 
[1] J. Sanjurjo-Sánchez, C. and Alves. Environmental Chemistry Letters, 10, 2012, 131-143. 
[2] J. Sanjurjo-Sánchez, C. and Alves. In: Lichtfouse E, Schwarzbauer J, Robert D (eds) Environmental 
chemistry for a sustainable world. Vol 2: remediation of air and water pollution, Springer, Berlin, pp 47–121 
[3] J.M. Vallet, C. Gosselin, P. Bromblet, O. Rolland, V. Verge’s-Belmin, W. Kloppmann. Journal of 
Geochemisry Exploration, 88, 2006, 358-362.
[4] C. Vazquez-Calvo, B. Gómez, Tubío, M. Álvarez de Buergo, I. Ortega, Feliu, R. Fort, M.A. Respaldiza. X-
ray Spectrometry 37, 2008, 399–409.
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The aim is to optimize conservation treatment of cellulose- and collagen-based based cultural 
heritage objects. Previous use of nanodispersions in organic solvents for paper deacidification 
has been shown to be successful and they have been applied to historically important 
manuscripts dating from the 14th to 20th centuries [1-2]. It was demonstrated that the 
nanoparticles penetrate within the cellulose fibres of the paper and neutralize the inherent 
acidity. In this study further formulations of nanoparticle dispersions of calcium hydroxide in 
selected solvents e.g ethanol and propanol have been tested in the context of the EU-funded 
NANOFORART project FP7 No. 282816 (Nano-materials for the conservation and 
preservation of movable and immovable artworks project) and historical samples were 
selected at IPCE which represented differing levels of degradation. For collagen-based 
materials this is the first time that this approach has been applied and calcium carbonate in 
addition to calcium hydroxide nanoparticles were used. For cellulose- based materials 
comparison was made with traditional methods (such as immersion in calcium bicarbonate); 
for collagen–based materials, such as parchment and leather, particular care was taken to 
evaluate, in the first case, the effect of solvents used in these dispersions. Atomic force 
microscopy (AFM) and localised thermal analysis (LTA) were used to evaluate the state of 
the collagen in parchment and leather [3-4]. 
The nanodispersions were provided by CSGI and fully characterized in terms of size and 
morphology at the UCL Eastman Dental Institute. The effect of the conservation treatment on 
paper was shown to improve its thermal stability and to increase the value of pH. The 
different papers also showed differences in response to the treatment used and indication that 
possibly some crosslinking is occurring with the calcium hydroxide nanoparticles which does 
not occur with the traditional calcium bicarbonate treatment. Techniques included thermal and 
X-ray surface analytical techniques. For parchment the effect of the treatment is not as 
evident. Changes were monitored by controlled environment dynamic mechanical (DMA), 
dielectric analysis, atomic force microscopy (AFM), ands small angle X-ray scattering 
(SAXS). 
[1] R. Giorgi, L.Dei, M.Ceccato, C.Schettino, P.Baglioni. Langmuir 18 (2002) 8198-8203. 
[2] R. Giorgi, C.Bozzi, L. Dei, C.Gabbiani, B.Ninham, P.Baglioni.Langmuir 21(2005)8495-8501 
[3] L.Bozec and M.Odlyha. Thermal Denaturation Studies of Collagen by MicroThermal Analysis and AFM. 
Biophysical Journal 101 (2011) 228–236. 
[4] J de Groot Ph.D thesis University of London (2007). 
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Synchrotron radiation (SR) is among the most versatile tools for the characterization of 
material. The X-Ray Fluorescence (XRF) set-up at BAMline combines high spatial resolution 
with good detection limits, the possibility to work at atmospheric pressure  and the 
examination of large objects, which don’t fit into sample chambers.  
SR is useful for all X-ray techniques, whereas for the analysis of ancient metal objects XRF is 
predominant. All examples of this presentation have been measured with the SR-XRF setup at 
the BAMline @ BESSY II, with a super conducting wavelength shifter (maximum field of 7 
Tesla) as X-ray source. The useable energy range is from 5 keV up to 80 keV. Therefore 
nearly all elements can be detected by measurement of their K-shell fluorescence.  A W/Si 
double-multilayer-monochromator (DMM) and / or a Si [111] double-crystal-monochromator 
(DCM) are used to select the desired energy. To achieve higher fluxes it is possible to focus 
the beam to a size of approximately (300 x 300) μm2 by bending one multilayer or one
crystal, respectively. If smaller beam sizes are necessary, compound refractive lenses (CRL) 
can be used to achieve spot sizes of (2 x 2) μm2 [1]. For the detection of the fluorescence
signal different types of solid state detectors are available. Data evaluation is done with 
QXAS from the IAEA and MSIM5D [2]. 
In this contribution the pros and cons of SRXRF for the analysis of gold are illustrated in 
various examples. The identification of material is discussed by the non-destructive analysis 
of silver point drawings of renaissance artists such as Albrecht Dürer (1471 - 1528) and Jan 
van Eyck (c. 1390 - 1441). Thereby extremely sensitive synchrotron- or accelerator-based 
techniques are needed, because only small quantities of the material were deposited on the 
paper [3]. The identification of groups with similar compositions is shown by the so-called 
‘Hiddensee Gold’ objects. The 16 objects with a total weight of 600 g have been 
manufactured around 1000 AD in a Viking workshop [4]. 
The provenance of gold objects based on elemental analysis is problematic, due to the 
extraction processes and the reuse of this precious material. An important information is the 
detection of platinum in gold, which is extremely challenging. A new approach with a 
wavelength dispersive system based on the color X-ray camera will be presented and 
discussed [5].     
[1] W. Görner, M. Eichelbaum, R. Matschat, K. Rademann, M. Radtke, U. Reinholz and H. Riesemeier, Insight, 
2006, 48, 540-544.  
[2] M. Radtke, L. Vincze and W. Görner, J Anal Atom Spectrom, 2010, 25, 631-634.  
[3] I. Reiche, M. Radtke, A. Berger, W. Görner, T. Ketelsen, S. Merchel, J. Riederer, H. Riesemeier and M. 
Roth, Spectrochimica Acta Part B-Atomic Spectroscopy, 2004, 59, 1657-1662. 
[4] B. Armbruster, H. Eilbracht, A. Grüger, M. Radtke, H. Riesemeier and I. Reiche, BESSY Scientific 
Highlights, 32-33, 2004. 
[5] O. Scharf, S. Ihle, I. Ordavo, V. Arkadiev, A. Bjeoumikhov, S. Bjeoumikhova, G. Buzanich, R. Gubzhokov, 
A. Guenther, R. Hartmann, M. Kuehbacher, M. Lang, N. Langhoff, A. Liebel, M. Radtke, U. Reinholz, H. 
Riesemeier, H. Soltau, L. Strueder, A. F. Thuenemann and R. Wedell, Anal Chem, 2011, 83, 2532-2538.. 
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6WXG\RIFRPSRVLWLRQDQGGHJUDGDWLRQRIPRGHOOLQJ
materials conserved on Auguste Rodin’s sculptures
Marine Cotte(1,2), Nathalie Balcar(3), Juliette Langlois(3), Yannick 
Vandenberghe(3),  Hélène Bluzat(4), Agnès Cascio(4) and Guylaine Mary(4) 
 (1) European Synchrotron Radiation Facility, Avenue des Martyrs 71, 38000 Grenoble, France. 
(2) Laboratoire d’Archéologie Moléculaire et Structurale, CNRS-UPMC, UMR 8220, 75005 Paris, France. 
(3) Centre de Recherche et de Restauration des Musées de France, Palais du Louvre, 14 quai François 
Mitterrand 75001, Paris, France 
 (4) Freelance Conservator, Paris, France 
Research on modeling material, rarely studied until now, started thanks to the musée Rodin’s 
desire to restore two plaster busts with some volumes made using this material. These two 
busts are those of Hanako (Fig. 1A) and Clemenceau. Their poor state of conservation made 
any handling and exhibition impossible. A thorough study of their composition and 
degradation was necessary to implement an appropriate restoration plan. Laboratory 
techniques (SEM-EDS, FTIR, GC-MS, GC-FID, XRD) were combined to synchrotron-based 
techniques (µXRF, µXANES and µFTIR) to analyze samples from 12 sculptures. Based on 
the composition of the modeling material, it was possible to identify three main recipes, in 
agreement with chronological evolutions in the production of synthetic modeling clay. Group 
1 is made of beeswax and starch, group 2 of zinc oleate, native sulfur and mineral filler, and 
group 3 of a mixture of paraffin and fatty matter, with filler (calcium carbonate, Fig. 1D). 
Their different compositions end into different alterations. The so-called group 3 was the most 
frequently used and showed particular alteration features: a rather well spread yellow fatty 
patina, covered with a grey layer of dust (Fig. 1B and C), as well as some crystallized 
protuberances observed on the surface of the modeling materials. Additional analyses were 
particularly dedicated to reveal the composition of these degraded areas. The patina was 
found to be rich in fatty carboxylates (Fig. 1D), while the white protrusions were found to 
contain high amounts of sulfate crystals, most probably formed by crystallization from 
environmental sulfur, since this element is absent in the original material. 
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Grazing Incidence XRF and XANES nondestructive 
analysis of the Attic pottery black gloss and its imitations 
manufactured in South Italy (V-IV century b.C.) 
C. Caliri(1), R. Catalano(1), A. D’Amicis(2), M. Bogovac(3), A. Dell’Aglio(2), M.T. Giannotta(4),
A.G. Karydas(3), G. Lamagna(5), J.J. Leani(3), A.M. Manenti(5), A. Migliori(3), J. Osan(6), L.
Pappalardo(1,4), F. Rizzo(1), F.P. Romano(1,4), H.C. Santos(1) 
(1) LNS-INFN, Via Santa Sofia 62, 95123, Catania, Italy
(2) Museo Nazionale Archeologico di Taranto, Via Cavour 10, 74100 Taranto, Italy
(3)  International Atomic Energy Agency (IAEA), IAEA Laborarories, A-2444 Seibersdorf, Austria
(4) IBAM-CNR, Via Biblioteca 4, 95124 Catania, Italy
(5) Museo Archeologico Regionale “Paolo Orsi”, Via Teocrito 66, 96100 Siracusa, Italy 
 (6) KFKI Atomic Energy Research Institute, H-1525 Budapest, Hungary 
Attic black gloss was manufactured during the classical period in Athens by applying a 
complex three stages oxidation-reduction-oxidation firing process of an illitic clay enriched in 
iron [1]. Through the time, this complex process was applied in workshops operating in South 
Italy and Sicily. In many cases the quality of the black gloss in Italian imitations is so high 
that it is difficult to discriminate these artworks from the original Attic pottery.  
The understanding of the Attic black gloss manufactured technology but also of its modern 
recovery has attracted interest for investigation using synchrotron radiation techniques such as 
XRD [2] and XANES at confocal geometry [3]. In this work, we present preliminary results 
from a new methodological approach applied for the analytical study of the Attic black gloss 
decorative layer using tunable synchrotron radiation at grazing incidence. In more specific, 
Grazing Incidence micro X-Ray Fluorescence (GIXRF) and X-Ray Absorption Near Edge 
Structure (GIXANES) analysis were applied to determine the trace element content and iron 
oxidation state of twelve (12) black gloss decorative layers from original Attic pottery and 
artworks manufactured in Sicily and South Italy. The measurements were performed in the 
framework of an IAEA Coordinated Research Project [4] at the newly established XRF 
beamline of Elettra Sincrotrone Trieste that hosts a multipurpose beamline endstation 
developed by the IAEA [5].  
The XANES measurements were carried out across the Fe K edge in reflection geometry at 
variable incident grazing angles to restrict the emission of the detected signal from the black 
gloss layer only. XRF measurements were also performed at grazing incidence and reflection 
geometry (in scanning mode) at three different energies above and below the Fe K edge (14 
keV, 7.3 keV and 6.75 keV).  In order to acquire comparative results, both the black gloss and 
red clay have been analyzed on the pottery fragments under study. The GIXANES and 
GIXRF measurements have provided interesting information regarding the chemical 
speciation of Fe in the black gloss layer, as well as of its elemental composition in major, 
minor and trace elements. This research aims at the development of an analytical protocol 
enabling provenance studies of the black gloss pottery and of its manufacturing technology in 
the Mediterranean area during the classical period (V-IV century b.C.).  
[1] Y. Maniatis, et al., Archaeometry 35 (1993) 23-34. [2] C.C. Tang, et al., Journal of Archaeological Science, 
28 (2001) 1015-1024. [3] L. Luhl, et al., Analytical Chemistry, 86 (2014) 6924-6930. [4] IAEA CRP G40075: 
“Experiments with Synchrotron Radiation on Industrial, Modern Environmental materials” [5] http://www-
pub.iaea.org/books/IAEABooks/10569/X-Ray-Fluorescence-in-the-IAEA-and-its-Member-States-Newsletter-
No-24  
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Neutron diffraction for cultural heritage studies: the 
Italian Neutron Experimental Station INES@ISIS 
Antonella Scherillo 
(1) STFC, Rutherford Appleton Lab, ISIS Department, Harwell Oxford OX11 0QX, Oxon, England 
The Italian Neutron Experimental Station INES, located at the pulsed neutron source ISIS 
(U.K.), is equipped with a general-purpose neutron diffractometer that was built with a special 
care aiming to focus its use on archaeometric measurements. The large sample volume allows 
to accommodate non-standard samples in the neutron beam, the diffraction banks cover an 
angle of almost 180°, allowing the presence of texture to be detected, and the high instrument 
resolution enables a detailed analysis of the peak shape, to obtain information on the casting 
process and/or the working techniques applied during the production phase of the artefact 
under investigation. Thanks to the high penetration power of thermal neutrons, archaeometric 
measurements performed through neutron diffraction allow us to determine bulk properties of 
the sample, in a non-destructive way. This opens up the possibility of scientific investigation 
on objects otherwise unsuitable, due to their importance. Here, we describe the instrument 
structure and present the results of some recent measurements, on various samples of interest 
in archaeometallurgy, like Japanese weapons, coins and bronze artefacts. 
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$QDO\VLVRIFRPSRVLWLRQDQGPLFURVWUXFWXUHRIOHDGZKLWH
SLJPHQWVLQSDLQWLQJVXVLQJ+56\QFKURWURQ;5'
Victor Gonzalez(1,2), Thomas Calligaro(1,2), Myriam Eveno(1), Michel Menu(1,2), 
Gilles Wallez(2,3) 
(1) Centre de Recherche et de Restauration des Musées de France, C2RMF, Palais du Louvre - Porte des Lions, 
14 Quai François Mitterrand, 75001 Paris, France
(2) PSL Research University, Chimie ParisTech-CNRS, Institut de Recherche Chimie Paris, UMR8247,
75005 Paris, France
(3) Sorbonne Universités, UPMC Université Paris 06, 75005 Paris, France
From the Renaissance to the 20th c., easel paintings are constituted of a large number of
pigments dispersed in an organic matrix. Among those pigments, lead white is omnipresent, 
not only in the ground layers, but also mixed with other colors in the composition layers [1]. 
Lead white is mainly composed of two mineral phases [2]: cerussite PbCO3 and 
hydrocerussite 2PbCO3.Pb(OH)2. The phase proportions and the particles morphologies vary 
according to the manufacture processes and the post-synthesis treatments paint manufacturers 
used [3]. Our research aims at taking a next step towards an in-depth analysis of this pigment, 
using XRD coupled with semi-quantitative Rietveld refinement. This work is part of a Ph.D. 
currently pursued at the C2RMF and IRCP in Paris. 
This contribution will present the results obtained at the ID-22 HR-XRD beamline at the 
ESRF. A set of 20 micro-samples (~70-80 µm) collected on several Master’s paintings from 
the Louvre Museum were analyzed at λ = 0.35 Å, with a 2-30° scan range, providing a high 
quality dataset combining very fine angular resolution (0.002°) with high statistics. 
The main goal of the project was to quantify the ratios of the two lead carbonate phases and to 
assess their crystallite morphology according to their respective habitus (needles for cerussite, 
platelets for hydrocerussite). Those two parameters are precious hints for evaluating the 
quality of the pigment sold to the painter, but can also yield conclusions regarding its optical 
properties. 
'LIIUDFWRJUDPREWDLQHGRQDSDLQWLQJVDPSOHDW,'VDPSOHVHDOHGLQWRDFDSLOODU\
[1] R. J. Gettens, H. Kühn and W. T. Chase, in Artists’ pigments: a Handbook of their history and 
Characteristics 2 (A. Roy, ed.), 1993, 67–81. 
[2] E. Welcomme, P. Walter, P. Bleuet, J.-L. Hodeau, E. Dooryhée, P. Martinetto and M. Menu, App. Phys. A. 
89, 2007, 825–832. 
[3] M. Stols-Witlox in Studying Old Master Paintings (Archetype ed.), 2011, 284-294. 
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$QRQGHVWUXFWLYHYLHZLQWR1HROLWKLFDQG
HDUO\%URQ]H$JHPHWDOD[HV
L, Glaser(1) , A. Rothkirch(1) ,and M. Freudenberg(2)
(1) Deutsches Elektronen-Synchrotron, Notkestraße 85, D-22607 Hamburg, Germany
(2) Stiftung Schleswig-Holsteinische Landesmuseen Schloss Gottorf, D-24837 Schleswig. 
Results from an ongoing research project of the archaeological state museum Gottorf Palace 
in Schleswig and the Deutsches Elektronen-Synchrotron in Hamburg are presented. The 
manufacturing techniques of predominantly Neolithic bronze axes were investigated using 
non destructive measurements. Storage ring based techniques as X-ray diffraction in 
transmission and reflection geometry were used to investigate effects of cast and post cast 
treatment of bronze axes, while in parallel X-ray fluorescence spectroscopy was used to 
monitor the stoichiometric bronze distribution of the objects. Measuring the effects they have 
on bronze axes open questions of the use of stone tools were addressed [1, 2]. Comparing 
measurements of reproduced bronze axes with those of historic origin the replicated objects 
could be iteratively be improved, verifying the manufacturing process. The replicates were 
cast in a modern casting process with sand and clay molds in the foundry museum 
“Howaldtsche Metallgiesserei e.V.” (Kiel, Germany) and with a quasi Neolithic casting
process at Gottorf Palace. The measurements were performed in Hamburg at the DESY 
storage rings DORIS and PETRA using Beamlines BW5, G3, L, P02, P07 and W2. 
Besides the answers to the archaeological questions the experiments lead to the discovery of a 
faked 19th century hoard find which unsuspiciously had been on display in the museum since 
150 years [3]. 
[1] M. Freudenberg, Normes techniques et pratiques sociales: de la simplicité des outillages pré- et proto-
historiques, 2006, 313-320. 
[2] M. Freudenberg, Archäologisches Korrespondenzblatt 39,2009, 341-359.
[3] M. Freudenberg, L. Glaser, Prähistorische Bronzefunde - PBF XX, 14, 2015, (article in press). 
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0H96,06 DQRYHOPHWKRGIRU WKHLGHQWLILFDWLRQDQG
FKDUDFWHUL]DWLRQRIPRGHUQDQGFRQWHPSRUDU\DUWSDLQWV
Dubravka Jembrih-Simbürger(1), Nikola Marković(2), Zdravko Siketić(2), Marta 
Anghelone(1), and Iva Boganović Radović(2)
(1) Institute of Science and Technology in Art, Academy of Fine Arts Vienna, Schillerplatz 3, A-1010 Vienna, 
Austria
(2) Laboratory for Ion Beam Interactions, Rudjer Boskovic Institute, Bijenicka 54, HR-10000 Zagreb, Croatia
Secondary Ion Mass Spectrometry with heavy primary MeV ions (MeV SIMS) is a novel 
technique among different mass spectrometry techniques used in the field of cultural heritage 
[1]. Within a bigger project1 MeV SIMS capability is tested for the analysis of modern and 
contemporary paints used in artworks with emphasis on synthetic organic materials.  
The big advantage of MeV SIMS compared to Py-GC/MS (which is widely used for analysis 
of synthetic organic binding media) or conventional SIMS is that the MeV primary ion beam 
causes a so-called “soft ionization” of organic molecules which means that large intact 
organic molecules or larger molecular fragments were desorbed from the outermost surface of 
the sample [2]. A lower number of fragments in the mass spectra make the identification of 
synthetic organic pigments (SOPs) and binders significantly easier. Other benefit of the MeV 
SIMS is that technique is surface sensitive, which is important concerning that material 
degradation occur mostly in the uppermost layers and such a small amount of the sample is 
regularly not sufficient for an analysis with chromatographic methods coupled to MS. Also no
sample preparation for the MeV SIMS is required, small paint samples are simply placed on 
the carbon tape mounted on the silicon wafer.  
The results of this study show that with MeV SIMS using 5 MeV Si4+ primary ion beam 
different SOPs can be easily identified due to their molecular peaks in unaged as well as in 
the artificially aged self-made paints mock-ups. Further, distinguishing between different 
polymorphs of e.g. blue phthalocyanines (PB 15:x) is possible as well as the identification of 
binders (alkyd and/or acrylic) in the same mass spectrum. Additionally, it was found that aged 
samples show an enrichment of the pigment in the uppermost surface, which is due to the 
degradation and breaking down of the binder chemical structure in the paint. Many 
commercial paints showed whitening caused by the enrichment of the filler (used in the paint 
formulation) at the surface. These results are confirmed also by RBS and Tof-ERDA 
measurements carried out on selected samples.
[1] M. P. Colombini, F. Modugno (editors): Organic Mass Spectrometry in Art and Archaeology, Wiley 2009.
[2] T. Tadic, I, Bogdanovic Radovic Z. Siketic, D.D. Cosic, N. Skukan, M. Jaksic, J. Matsuo, Nuclear 
Instruments and Methods in Physics Research B 332, 2014, 234-237.
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(LJKWHHQWK'\QDVW\(J\SWLDQVHDOHGSRWWHU\
E. Abraham1, M. Bessou2, A. Ziéglé3, M-C. Hervé3, L. Szentmiklósi4, 
Zs. Kasztovszky4, Z. Kis4, and M. Menu5
1Univ. Bordeaux, LOMA, CNRS UMR 5798, Talence, France 
2 Univ. Bordeaux, PACEA, CNRS UMR 5199, Pessac, France 
3Museum of Aquitaine, 20 Cours Pasteur, Bordeaux, France 
4Nuclear Analysis and Radiography Department, MTA Centre for Energy Research, Budapest, Hungary 
5Centre de Centre de Recherche et de Restauration des Musées de France, Palais du Louvre, Paris, France 
X-ray imaging is routinely used to analyze museum artifacts providing contrasted images 
depending on the radiodensity of the materials. Similarly, neutron imaging techniques are 
available as efficient tools of non-destructive testing in cultural heritage science. More 
recently, Terahertz (THz) radiation has emerged as a possible powerful candidate in the field 
of art conservation for the investigation of various art-related materials. In this 
communication, we propose a comparative computed tomographic analysis of an Eighteenth 
Dynasty Egyptian sealed pottery stored at the Museum of Aquitaine (Bordeaux, France) [1], 
using THz, X-ray and neutron imaging. 
THz imaging presents the unique advantage of rapid on site diagnosis without the need of 
any safety procedures. From this measurement, the internal volume of the bottle has been 
estimated to 100 cm3 with about 25 cm3 filled by a mobile content. X-rays clearly reveal the
presence of the mobile and deformable content, previously discovered by THz tomography. 
Higher spatial resolution makes it possible to see that the content is inhomogeneous with 
small and bigger fragments. It is not composed of mineral materials since its density is much 
lower than the pottery walls made of clay. Neutron imaging informed about the way the 
object has been closed by a double stopper (clay and probably a ball of linen or any other 
string-like organic material) and provided a more accurate representation of the mobile and 
heterogeneous content, probably constituted of germinated seeds. Elemental composition 
analysis of the content concludes that it consist of germinated seeds such as barley which was 
a staple cereal of Ancient Egypt and neutron imaging [2]. 
©L. Gauthier – City of Bordeaux
THz
RX
Neutrons
Fig 1. THz, Xray and neutron imaging of the Egyptian pottery. 
1] F. Saragoza, Revue archéologique de Bordeaux, tome IC, p.131 (French) (2008).
[2] E. Abraham et al., “Terahertz, X-ray and neutron computed tomography of an Eighteenth Dynasty Egyptian 
sealed pottery”, Appl. Phys. A, 117(3) (2014) 963-972.
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Eleanor Cato1, Camelia Borca2, Thomas Huthwelker2, Ester S. B. Ferreira1
1Swiss Institute for Art Research, Zollikerstrasse 32, 8032 Zürich, Switzerland 
2Paul Scherrer Institute – Phoenix Beamline, 5232 Villigen, Switzerland 
A specific case of synthetic ultramarine degradation was observed in three paintings from the 
early 20th century, manifesting as intricate patterns of white lines, 10 to 30 microns wide criss-
crossing the blue paint surface.  The study of a sample in cross section indicated that the 
discolouration was less than 1 micron thick.  Comparison of light and electron microscope 
images of untreated sample surfaces indicated that particles within the white lines had a 
comparable elemental composition to intact ultramarine particles, suggesting pigment fading or 
discolouration.
Colour in ultramarine pigments is caused by the encapsulation of sulphur radicals, chromophores, 
inside the sodalite cage framework built from SiO4
4- and AlO4
5- tetrahedral units linked by 
oxygen atoms. [1]  Both the blue (S3
-) and yellow (S2
-) chromophores are Raman active, giving 
signals at 549 and 585 cm-1 respectively. [2] Raman spectroscopy was used to map the S3
-
distribution across paint surfaces and showed a sharp decrease in the chromophore concentration 
in the white lines, further supporting the idea of pigment discolouration.  In order to gain insight 
into the mechanism for chromophore loss in these discoloured lines, it was necessary to 
investigate the state of the cage framework itself. 
Aluminium X-ray near edge absorption spectroscopy (XANES) is capable of providing 
information on the oxidation states, bond lengths and coordination of Al within the ultramarine 
framework.  Using the focused synchrotron beam available at the PHOENIX beamline from the 
Swiss Light Source, scans with high spatial resolution (5µm), high energy resolution (0.5eV), 
and with a relatively low volume (3µm) interaction could be performed.  All these factors are 
advantageous when analysing a paint surface degradation phenomenon. 
XANES at the Al K-edge was employed to analyse a sample taken from a section of degraded 
paint including both healthy (blue) and discoloured ultramarine pigment (white).  A direct 
comparison of individual Al spectra showed that whilst the healthy ultramarine gave only a 
single peak at 1567 eV, corresponding to tetrahedral aluminium from the intact cage framework, 
spectra from the discoloured area contained a second peak at 1572 eV. [3] The comparison of 
binding energies obtained from the intact and discoloured paint and from reference materials 
showed that the second peak corresponds to octahedral aluminium.  From this it was concluded 
that the degradation mechanism involves removal of aluminium atoms from the ultramarine 
framework, which results in the formation of six-coordinate aluminium compounds separate 
from the pigment structure.  This causes a permanent opening of the cage framework, release of 
the chromophore and subsequent colour loss.
Aluminium XANES results have provided insight into the reaction mechanism behind the 
discolouration of ultramarine blue pigment in 20th century paintings.  The SLS synchrotron 
supplied a focused beam, smaller than the width of the discoloured lines, provided elemental 
maps with high spatial resolution, and probed the Al local atomic environment.  Aside from 
some carbon deposition, the samples were unchanged after measurement and available for 
further analysis as required.
[1] D. Reinen, G. Lindner, Chemical Society Review, , 1999, 75-84 
[2] R. Clark, D. Cobbold, Inorganic Chemistry, (11), 1978, 3169-3174 
[3] D. McKeown, G. Waychunas, G. Brown, Journal of Non-Crystalline Solids, , 1985, 349-371 
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HANDHELD AND MICRO IMAGING FTIR ANALYSIS 
FOR THE CONSERVATION AND RESTORATION OF 
FINE ART AND HISTORICAL OBJECTS 
P. Scardina, F. Higgins, M. Kansiz 
(1) Agilent Technologies 
FTIR spectroscopy has long been used for the analysis of art and historical objects in support 
of efforts to conserve, restore and validate authenticity of these rare objects. The value of the 
technique for this application lies in its inherent sensitivity, specificity and non-destructive 
capabilities. Typical applications include analysis of paint pigments and binders, lacquers and 
finishes. FTIR can analyze the degree of oxidation of protective coatings used to protect 
objects, and the efficacy of those coatings. Measurement of chemical changes that result from 
aging is also a significant area of use for FTIR in support of art conservation efforts. 
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Tommaso Frizzi(1), Roberto Alberti(1), Michele Gironda
(1),
(1) XGLab, Via F.D’Ovidio 3, 20131 Milan, Italy – info@xglab.it 
XGLab presents its new portfolio of Portable Analysis instruments which are the culmination 
of years of R&D efforts with the sole objective of designing the ultimate instruments for Art 
& Antiquities applications.  
The main focus will be on ELIO which is an X-Ray Fluorescence spectrometer capable of in-
situ, fast, non-destructive and non-invasive analyses on metals, jewels, ceramic objects, seals, 
glass objects, paintings, frescos, marbles, printed materials such as documents and books, 
parchments and manuscripts, material research and elemental analysis in general.  
Thanks to its small spot-size (1mm), its integrated video camera, its high rate X-ray tube and 
detector capabilities, its easy-to-use software, its small dimensions, ELIO represents the must-
to-have XRF analyzers for people working in the cultural heritage field. 
XGLab developed also a mapping option to transform ELIO in a powerful portable XRF 
scanner. 
A novel compact head, named XRaMan, implementing contemporary two diagnostic 
techniques will be also presented. XRaMan is an innovative portable spectrometer designed to 
perform in-situ, fast and non-destructive combined elemental and molecular analyses, by the 
complementary EDXRF and Raman techniques. XRF and Raman components are highly 
integrated into the compact detection head and the perfect coincidence of the analysis area is 
always under the control of the operator thanks to several other monitoring systems (pointing 
lasers, microscope camera, external camera). The system works in a complete contactless 
mode with an optimal focus distance of about 1cm from the sample.   
Several application examples of each instrument will be shown. 
Left: ELIO in action on a Stradivari’s violin 
(courtesy of Museo del Violino, Cremona, 
www.facebook.com/museodelviolinolabo
ratori). Center: (top) ceramic tile 
(bottom) XRF map of the tile by ELIO with 
mapping option. Right: the new XRaMan 
measurement head. 
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Fiber Optics Reflectance Spectra (FORS) for pigment 
identification, using portable and smart spectrometers
Davide Manzini(1), Daniel Barchwitz(2) 
Color analysis is the first and simplest way to characterize a pigment; in recent years, more 
powerful techniques come available but color checking is still playing its role. It's possible to 
analyze color using a colorimeter based on the three principle sensors or using spectro 
colorimeters also capable of giving spectral information. Still, the most commonly used 
spectrometers  for Cultural Heritage diagnosis were designed for industrial applications, 
portable and full of options but also having an important (several square centimeters) 
footprint. Fiber Optics Reflectance Spectra (FORS) is instead using small optical fibers to 
illuminate samples and to collect the reflected signal, allowing a reduced or null contact with 
the paint or the opera.   
B&W Tek is developing reduced size, low noise and highly sensitive spectrometers that help 
to get good results with FORS, with low noise and well resolved spectra, allowing researchers 
and restorers to run easy color testing in labs or in the field. 
[1] Davide Manzini Madatec srl Italy, [2] Daniel Barchewitz B&W Tek inc. USA.
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Lore Troalen(1,2), Stefan Röhrs(3), Simon Kunz(3), Thomas Calligaro(4), 
Claire Pacheco(4), Julio M. del Hoyo-Meléndez(5), Alison N. Hulme(1) 
1 EaStCHEM School of Chemistry, Joseph Black Building, Kings Buildings, David Brewster Road, 
Edinburgh, EH9 3FJ, UK 
2 National Museums Scotland, Collections Services Department, 242 West Granton Road, Edinburgh, EH5 
1JA, UK 
3 Rathgen-Forschungslabor - Staatliche Museen zu Berlin, Schloßstraße 1A, Berlin, 14059, Germany 
4 Centre de Recherche et de Restauration des Musées de France, Quai François Mitterrand, Paris F 75 
001, France  
5 National Museum in Krakow, Laboratory of Analysis and Non-destructive Investigation of Heritage 
Objects, ul. Piásudskiego 14, 31-109 Kraków, Poland  
Dyed historical materials other than textiles have received little systematic study, 
particularly those of non-European origin made with dyed porcupine quills. In order to 
understand them from the art technological /cultural perspective and to conserve and display 
these materials appropriately, it is necessary to characterise the chemicals that were used in 
their production. The key for the preservation of this type of object is to understand how these 
materials react to photo-degradation. To do this, a multi-analytical approach was developed to 
study a unique collection dating from 1862 of Subarctic Athapaskan materials that includes 
both the final artefacts and the workshop materials, i.e. dyed quills, which were used to 
produce them [1]. 
A minimally invasive methodology was developed to characterise the dye sources and 
metallic mordants that were used in the production of a selection of dyed porcupine quills 
illustrating a wide range of colour hues (red, orange, yellow, green, and blue) [2]. The natural 
dye sources (cochineal and turmeric) were determined using Ultra Performance Liquid 
Chromatography coupled to a Photo Diode Array detector (PDA-UPLC), a method allowing a 
considerable reduction in sample size with a limit of detection as low as 1 ng [3]. Non-
invasive Raman Spectroscopy was used on a few samples to further investigate dyestuff 
content where this was difficult to detect by PDA-UPLC. The presence of metallic mordants 
such as copper and tin was also investigated non-invasively by µ-PIXE and Rutherford 
Backscattered Spectroscopy (RBS) at the AGLAE accelerator beamline [2]. Finally, the 
photosensitivity of the different colours was investigated using micro-fading testing (MFT), a 
relatively recent technique to evaluate the light fastness of objects [4]. This allowed an 
understanding of how changes in colour intensity observed on the specimens are related to 
cumulative light exposure, and mordant concentration.  
This first comprehensive study on Athapaskan’s quill work generated new information 
on how European dyeing practices impacted traditional quill work in the mid-19th century. It 
establishes conditions and regimes for museum displays and object rotations that will 
minimise future damage of this unique collection. 
[1] D. Idiens, in The Athapaskans: Strangers of the North. An international travelling exhibition from the 
collection of the National Museum of Man, Canada, and the Royal Scottish Museum, National Museum of Man: 
Ottawa, 1974, 15-16. 
[2] L.G. Troalen, 2013, PhD thesis, University of Edinburgh. 
[3] L.G. Troalen, A.S. Phillips, D.A. Peggie, P.E. Barran and A.N. Hulme, Anal. Methods, 2014, , 8915-8923. 
[4] J.M. del Hoyo-Meléndez, M.F. Mecklenburg, Journal of Cultural Heritage, 2010, (4), 493-499. 
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Near-infrared fluorescence spectroscopy for the 
identification of artists’ pigments. 
Chiara Grazia(1), Aldo Romani(1,2,3), Riccardo Vivani(1), Costanza Miliani(2,3)
(1) Dipartimento di Chimica, Biologia e Biotecnologie, Università degli Studi di Perugia, via Elce di Sotto 8, 
I-06123 Perugia, Italy. 
(2) Istituto CNR di Scienze e Tecnologie Molecolari (CNR-ISTM), via Elce di Sotto 8, I-06123 Perugia, Italy. 
 (3) Centro di eccellenza SMAArt (Scientific Methodologies applied to Archaeology and Art), Università degli 
Studi di Perugia, via Elce di Sotto 8, I-06123 Perugia, Italy. 
Over the last decades UV-VIS fluorescence spectroscopy has been exploited both in 
laboratory and in situ to interrogate cultural heritage materials. This technique has proved to 
have a key role in the non-invasive diagnosis of painting materials providing the identification 
of several organic pigments, such as anthraquinone lakes, flavonoid lakes and indigoids, 
which have fairly specific emission properties in the visible range [1]. In order to improve the 
analytical capability of fluorescence spectroscopy, in this contribution we present the 
photophysical study of a number of organic (e.g. phthalocyanine green/blue) and inorganic 
(e.g. cadmium red/yellow [2,3]) pigments that exhibit emission properties in the near-infrared 
range (up to 1600 nm). With this aim, NIR emitting dyes and pigments have been 
characterized in the pure crystalline phase and in paint models by UV-VIS-NIR absorption 
and emission spectroscopies. In particular, a wide set of commercial and historical cadmium 
pigments (Cd1-xZnxS and CdS1-xSex solid solutions) has been investigated in order to correlate 
the variation of both their optical band gap and emission profiles with the stoichiometry as 
obtained by XRD analysis. The possibility of performing the same investigation using a 
portable spectrophotometer allowed us to identify NIR emitting pigments on several museum 
artworks within the activity of MOLAB. 
[1] A. Romani, C. Clementi, C. Miliani and G. Favaro, Accounts of Chemical Research 43(6), 2010, 837. 
[2] M. Thoury, J. K. Delaney, E. R. de la Rie, M. Palmer, K. Morales and J. Krueger, Applied Spectroscopy
65(8), 2011, 939. 
[3] A. Cesaratto, C. D’Andrea, A. Nevin, G. Valentini, F. Tassone, R. Alberti, T. Frizzi and D. Comelli, Anal.
Methods 6(1), 2014, 130. 
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“On the fiber” SERS detection of synthetic dyes employing 
ODVHU SKRWHUHGXFHG$JQDQRSDUWLFOHV
Irene Bonacini(1), Francesca Gallazzi(1), Maria Vega Cañamares(2), Silvia Prati(1),  
Giorgia Sciutto(1), Santiago Sanchez-Cortes(2), Rocco Mazzeo(1) 
(1) Microchemistry and Microscopy Art Diagnostic Laboratory, University of Bologna, Via Guaccimanni 42, 
48121 Ravenna, Italy. 
 (2) Instituto de Estructura de la Materia, IEM-CSIC, calle Serano 121, 28006, Madrid, Spain 
Micro- or non-destructive identification of synthetic organic dyes employed to color cultural 
heritage objects such as historical textiles, is a real challenge for conservator scientists. 
Surface-enhanced Raman scattering (SERS) has been developed as a micro or non-destructive 
technique for the characterization of organic dyes in works of art [1]. The application of Ag 
nanoparticles produced by laser photoreducion [2], lead us to test the possibilities of such 
method for the “on the fiber” SERS detection of synthetic organic dyes.  
In this work, wool fibers dyed with triarylmethane, xantene or monoazo dyes were 
investigated. Ag nanoparticles were prepared and immobilized directly on wool fibers by 
photoreduction of AgNO3 using a laser/micro-Raman coupled system [3] at different 
experimental conditions, such as excitation wavelength, laser power and irradiation time. In 
order to achieve good “on the fiber” SERS spectra without burning the sample, two different 
experimental methods have been developed using two excitation wavelengths (442 nm and 
532 nm).  
The main novelty of this research consists on the development of a versatile photoreduction 
method. It was found that photoreduced Ag nanoparticles obtained at 442 nm allowed the 
analyses of the dyed fibers with different excitation wavelengths (442 nm, 532 nm, 785 nm), 
thus improving the identification of the dye. 
Acknowledgments. Part of this research was funded by the European project “CHARISMA” 
FP7 INFRASTRUCTURE n. 228330 and by Program Geomateriales 2 (S2013/MIT-2914) 
financed by Comunidad de Madrid and Structural Funds (FSE and FEDER). This work was 
also supported by Ministerio de Ciencia e Innovación de España (project FIS2010-15405). 
[1] F. Casadio, M. Leona, J.R. Lombardi, R. Van Duyne, Accounts of Chemical Research, 43 (6), 2010, 782. 
[2] M. V. Cañamares, J.V. Garcia-Ramos, J.D. Gomez-Varga, C. Domingo, S.Sanchez-Cortes, Langmuir, 23, 
2007, 5210.  
[3] Z. Jurasekova, C. Domingo, J.V. Garcia-Ramos, S. Sanchez-Cortes, Journal of  Raman Spectroscopy, 39 
(10), 2008, 1309. 
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Non-invasive analysis of modern and contemporary 
collections: paints, coatings and plastics 
Francesca Casadio(1)*, Johanna Salvant(2) , Julie Barten(3) , Daniela Saviello(4), 
Julie Asrlanoglou(5) , Thomas Tague(6), Kathryn Dooley(7)  and John Delaney(7) 
(1) The Art Institute of Chicago, 111 S. Michigan Ave, 60603, Chicago, IL , USA * fcasadio@artic.edu 
(2) NU-ACCESS, Northwestern University/Art Institute of Chicago, Evanston, IL 60208, USA 
(3) Solomon R. Guggenheim Museum, New York, NY 10128, USA 
(4) Politecnico di Milano – Dipartimento di Chimica Materiali e Ingegneria Chimica, Piazza Leonardo da 
Vinci, 26 - 20133 Milano (Italy) 
(5) The Metropolitan Museum of Art, New York, USA 
(6) Bruker Optics Inc., Billerica, MS, USA 
(7) The National Gallery of Art, Washington DC , USA 
The wide availability of compact and relatively low-cost portable systems for point molecular 
and elemental analysis has opened up many new avenues for wide-spectrum studies of the 
materials of works of art that overcome the ethical dilemma of sampling or at least allow a 
drastic reduction of the need for samples. A non – invasive approach is essential for those 
modern and contemporary works of art where uniform and often pristine fields of color 
dominate the picture plane, making inconspicuous sampling impossible. Since most modern 
and contemporary paintings are unvarnished analysis with Fourier Transform Infrared (FTIR) 
systems in reflectance in the mid-infrared is particularly revealing and may bring to light 
surface constituents, such as metal carboxylates and other degradation products that are not 
always apparent with bulk analysis, alerting conservators to specific conservation conditions 
that may become problematic [1]. Imaging in the mid and near-infrared brings the multi-point 
analysis to the next level, by allowing broad surveys of organic binding media and coatings in 
these works, an analytical frontier that was still unconquered until recent times [2,3]. For 
plastic objects entering museum collections with often non-existent media information, in situ 
analysis in galleries or storage areas is of great benefit for a more accurate identification of 
their constituent materials, which has important implications for preservation and storage. 
This paper will present an overview of relevant case studies including the in-situ 
identification of paints used by Roy Lichtenstein, leading to a systematic and accurate media 
description of his work, where distinguishing between oil and acrylic use is not always 
straightforward by visual observation alone; the identification of oxalates and zinc soaps in 
modern paintings by Pablo Picasso and László Moholy-Nagy, and the in-depth analysis of 
plastics used in modern and contemporary art and design collections. 
[1]  F. Casadio, C. Miliani, F. Rosi, A. Romani, C. Anselmi, B. Brunetti, A. Sgamellotti, J-L Andral, G. Gautier, 
JAIC 52 (3) (2013), 184-204 
[2] F. Rosi, C. Miliani, R. Braun, R. Harig, D. Sali, B. Brunetti, A. Sgamellotti, Angewandte Chemie 
International Edition 52 (20), (2013), 5258–5261  
[3] K. Dooley, S. Lomax, J. Zeibel, C. Miliani, P. Ricciardi, A. Hoenigswald, M. Loew, J. Delaney, Analyst, 
138(17) (2013), 4838-48 
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The non invasive FTIR characterisation of brass 
varnishes of histrical scientific instruments 
Giancarlo Lanterna (1), Anna Giatti (2) 
(1) Opificio delle Pietre Dure. 
 (2) Fondazione Sienza e Tecnica. 
Since the early ages, the study of the natural phenomena initiated the production of instrument 
and tools for measurement and observation. Over centuries, these instruments contributed to 
enhance the human senses in the study and observation of the Nature and became more 
complex and sophisticated. After the 17 th., the birth and diffusion of scientific Academies in 
Europe multiplies the production and diffusion of scientific instruments until to transform, in 
the last 19 th, into real industrial products: several craft enterprises and Companies arose in 
Great Britain, France, Germany and Italy. The scientific and technologic instruments are 
considered nowadays “cultural heritage” and must be conserved and preserved not only in 
their form, but also in terms of their function. The materials for the construction of the 
scientific instruments were mainly wood, glass and metals. Among the various materials used 
in the manufactory of scientific instruments, called in jargon “brass ‘n glass”, is brass, a 
copper-zinc alloy, diffusely used because the easy working and its cheaper price. Beautiful 
golden color is one characteristic of brass, but it tends towards the oxidation and produce 
greenish, opaque patinas, therefore one protection mode was the “lacquering” with natural 
resin mixtures which were more or less colored to reinforce and preserve the golden color. 
This work refers on the research of ancient recipes of varnishes, their preparation and replicas 
and the realization of models of lacquered brass plates. These samples was artificially aged 
under UV-A radiation and FTIR spectra were recorded before the irradiation, after 240 and 
380 days. The spectra were recorded with a portable instrument (Bruker mod. “Alpha”): this 
equipment allows to record the FTIR spectra in a non invasive way, by just putting the surface 
in front of instrument eye, avoiding any withdrawal of material from the samples. The quality 
of the spectra is very high because the path of the radiation: the IR beam penetrates the 
transparent varnish and it is reflected by the polished brass; in facts the beam runs through the 
varnish twice and the IR spectra are highly detailed. The results were compared and showed 
several modifications of the various components of the varnishes. The non invasive property 
of this technique was applied to measurie the lacquers’ composition of many brass objects and 
details belonging to the Physic collection of “Fondazione Scienza e Tecnica” and the Museum 
“Galileo” in Florence. The reported results shows some evident differences among varnishes 
of different objects according to their age and country of production. 
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1 Centro Nacional de Aceleradores (CNA), Universidad de Sevilla-CSIC-Junta de Andalucía, Seville, Spain. 
2 Departamento de Física Atómica, Molecular y Nuclear, University of Seville, Seville, Spain. 
3 Departamento de Física Aplicada I, University of Seville, Seville, Spain. 
4 Museo de Bellas Artes de Sevilla, Seville, Spain. 
*e-mail: kilian.lac@gmail.com
Non-invasive techniques are increasingly developed and applied in the field of cultural and 
historical heritage studies. Among these techniques, confocal micro X-ray fluorescence 
(CXRF) is gaining considerable interest because it provides compositional and spatial 
information that are typically obtained using standard micro-invasive and/or micro-
destructive techniques (e.g. SEM-EDX), without the need of sampling [1,2]. In particular, the 
use of polycapillary X-ray lenses extends the capabilities of the micro X-ray fluorescence to 
the depth profiling of multilayered materials [3]. 
This work focused not only on the methodological application of this technique but also on 
the mechanical engineering and computing developments too. A big effort was made to 
provide an in situ working setup capable of studying artworks directly in the places of 
exhibition, without the necessity of moving them. Only few Museums have the opportunity to 
obtain permission to move artworks for scientific studies (large funding for insurance rates, 
administrative capacity to solve complex administrative requirements, high cost and delicate 
transport logistics capacity, adequacy of the facilities for the receipt and storage of the 
artworks during the study, etc.). In all other cases, the development of in situ studies is 
crucial. 
We present here the first in situ results obtained in the Museum of Fine Arts of Seville using a 
new transportable version of the CXRF system named µXRF-CONCHA from the CNA in 
Seville. The aim of the CXRF analysis is to determine the paint layer composition and 
sequence. This study provides important information in order to understand and interpret the 
choice, palette and technique of the artist.  
Acknowledgements: The authors wish to thank Mr. J. Arquillo and his students from the 
Restoration Workshop of the Faculty of Fine Arts of Seville for the elaboration of the 
experimental paint layers. Thanks are due also to Ms. E. Arroyo and Mr. V. Santos from the 
IIE of the UNAM for their suggestions and invaluable help. Work partially supported by the 
Junta de Andalucía project P09-HUM4544. 
[1] X. Ding, N. Gao, G. Havrilla, SPIE Conference Proceedings 4144 (2000) 174-182. 
[2] B. Kanngießer, W. Malzer, I. Reiche, Nuclear Instruments and Methods in Physics Research Section B 
211 (2003) 259-264. 
[3] W.M. Gibson, M.A. Kumakhov, SPIE Conference Proceedings 1736 (1992) 172-189.
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In situ analysis of archaeological objects: application and 
optimization of a mobile lab 
Georgios Karagiannis(1), Sophia Sotiropoulou(1), Ifigenia Grigoriadou(1), Georgios 
Apostolidis(1) , Christos Salpistis(1), Semeli Pingiatoglou(2), Aristotelis Mentzos(2) , 
Dimitrios Tsiafis(2), Dimitrios Minasidis(2) 
(1) Ormylia Foundation, Art Diagnosis Center, 63071 Ormylia – Chalkidiki, Greece 
(2) Aristotle University of Thessaloniki, Department of Archaeology, Thessaloniki, Greece 
 
In the present study non-destructive analysis and processing of multispectral and 
multidimensional data was based on in situ measurements carried out on a wide variety of 
(movable and immovable) objects and respective materials coming to light in course of the 
ongoing excavations at the archaeological site of Dion, Pieria, Greece. The major scope of 
this work relates to the application and optimization of a multi-technique modular mobile lab 
to be pertinent for the complete documentation of artefacts as an integral arm of the 
archaeological study in course and after the excavation process. In order to assess the 
condition of the examined objects, to identify bulk materials, paint layers or coatings and 
clarify elements that document the manufacturing  process of several objects or structures,  a 
series of complementary spectroscopic measurements were performed and jointly evaluated 
with reference to structural surface and depth micro-profiles, obtained with ultrasound 
(acoustic) microscopy techniques. The analytical protocol included UV/VIS, near IR, X-ray 
fluorescence, mid FTIR and micro Raman spectroscopies as well as acoustic microscopy. 
UV/VIS spectroscopy gave reflectance measurements characteristic of the surface and the 
colour of the objects, while FTIR and micro Raman spectroscopies produced complementary 
data assisting the identification of both organic and inorganic compounds inherent of either 
the original materials or any degradation products. Elemental analysis acquired using XRF 
measurements at spots of 3 to 10 mm supported the investigation of materials and techniques 
at several levels, either preliminarily or to complement and further confirm the FTIR and 
micro Raman results. Acoustic microscopy was proven decisive for the investigation of the 
micro-topography of the surface and profiles of under-layers to different depths providing 3D 
tomographic images represent either roughness or layered structure of the surface and show 
several types of defects as cracks, inner breaks or detachments or bubbles etc., relevant of the 
manufacturing or the aging of the objects. Initial datasets acquired in situ were processed for 
the optimisation and further hardware/software integration of the existing mobile lab modules 
as well as its future development or expansion improving its performance to a wider range of 
materials and analytical issues of interest. The main and final aim of this work is to integrate a 
bottom-up solution for the documentation of archaeological objects related to excavation sites 
and to create a system to support collection, extraction, management and educational 
demonstration of the excavation process at the archaeological site.  
Acknowledgement: This work is supported by the Surgical Excavation project funded by the 
Greek Secretary of Research and Technology. 
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Currently, the cultural heritage community shows a growing interest for the use of modern 
analytical methods on-site and in-real time, particularly during excavation or survey 
campaigns and conservation work. A versatile and robust methodology has been developed, 
based on the combined use of compact, mobile instrumentation, for the characterization of 
artworks and monuments, enabling analytical studies to be performed rapidly and routinely in 
the context of a museum or conservation laboratory or even on site.  
The methodology employs the use of (a) laser-induced breakdown spectroscopy (LIBS) and 
(b) micro-Raman spectroscopy, based on mobile instrumentation, providing detailed 
information on the minerals and pigments constituting the paint, with high spatial and spectral 
resolution. The LIBS technique provides information on the elemental composition, which is 
correlated with the use of specific pigments. LIBS is classified as a micro-destructive method, 
given that the diameter of the spot probed is on the order of 100-200 μm and its depth does 
not exceed a few micrometers. On the other hand, Raman spectroscopy provides clear 
evidence of the presence of specific molecular structures and is totally non-destructive. 
Emission of fluorescence might often be a source of interference, overwhelming the Raman 
scattering signal, but in that case the LIBS technique contributes in a complementary way. [1] 
Both instruments are used in-situ, directly on the artworks, and can be easily employed to 
analyze large objects or structures (e.g. walls and sculptures) with the use of an appropriate 
support or scaffolding. After accomplishing an effective screening of the artwork with these 
mobile systems, a further characterization of the binding medium can be carried out, if 
needed, by performing limited micro sampling (sample size < 800 μm) from an area of high 
interest. Studying the sample by FTIR micro-spectroscopy in trasmission mode, performed on 
a diamond anvil cell, can provide valuable depth-resolved information on the binding medium 
and the paint stratigraphy. [2]  
The analytical strategy has been successfully applied for the integrated investigation of 
sculptures, dating from Venetian (13th-17th c.) and the Ottoman (17th-19th c.) period, kept in
the Historical Museum of Crete (Greece) and in the conservation laboratory of the Ephorate 
of Antiquities at Heraklion. A number of campaigns have been performed outdoors including 
studies of two sculptured, colored door frames (15th c.) at the Byzantine church of St George
in the village of Kamariotis and at the Valsamonero Monastery near Vorizia village. 
This research is funded in the framework of project KRIPIS-POLITEIA, MIS-448300, NSRF 2007-13 (co-
financed by Greece and the EU). 
[1] P. Westlake, P. Siozos, A. Philippidis, C. Apostolaki, B. Derham, A. Terlixi, V. Perdikatsis, R.Jones, D. 
Anglos, Anal. Bioanal. Chem. 402, 2012, 1413-1432. 
[2] M. Cotte, E. Checroun, V. Mazel, V.A. Sole, P. Richardin, Y. Taniguchi, P. Walter, J. Susini, e-PS 6, 2009, 
1-9. 
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Imaging of Artists’ Acrylic Paint Films
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Artists’ acrylic paints make up a significant fraction of modern and contemporary works-of-
art. As conservation treatments of acrylic painted works of art become more commonplace, 
understanding the impact of wet cleaning treatments becomes more important. Progress has 
been made in identifying the causes of variations in pigment, gloss and surfactant levels as a 
function of paint brand and cleaning treatment [1]. Novel wet-cleaning treatments have been 
assessed for cleaning efficacy [2]. However, detailed examination of their impact on surfaces 
has proved to be challenging though a variety of techniques have been applied to their 
characterization [3]. The organic materials (e.g. cleaning residues, exposed pigment) present 
at the uppermost paint surface post-cleaning are difficult to detect against the background 
from the substrate, which is chemically similar in composition. We have recently shown how 
NEXAFS and XPS spectroscopies have sufficient surface sensitivity to provide valuable 
chemical information [4,5]. However, further complexity arises also from the heterogeneity of 
the sample surface, due to inherent surfactant migration and changes in pigment distribution, 
which makes spatially resolved wide area imaging analysis desirable. Here, we present a 
NEXAFS imaging study performed at synchrotron beamline U7A of the NSLS (Brookhaven, 
USA) of model artists’ acrylic paint films as a function of paint brand, pigment, cleaning 
treatment and age. Partial electron-yield detection provided surface sensitive chemical state 
information that revealed the chemical changes in paint films before/after surface treatments, 
with clear benefits over the single point spectroscopic mode. This is highlighted in the figure 
where there is strong contrast between samples swabbed with surfactant vs water. 
[1] Kampasakali, E. et al. Stud. Conserv. 56, 2011, 14. 
[2] Keefe, M. et al. Coatings Tech. 8 (9), 2011, 30-43. 
[3] Ormsby, B., Learner, T. Rev. Conserv. 2009, 29 - 41. 
[4] Willneff, E.A. et al. Heritage Science 2, 2014,  doi:10.1186/s40494-014-0025-y. 
[5] Willneff et al. Surf. Interface Anal., 10-11, 2014, 776–780. 
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X-ray techniques 
Juri Agresti(1)*, Iacopo Osticioli(1), Maria Cristina Guidotti(2), Nikolay 
Kardjilov(3) and Salvatore Siano(1)
(1) Istituto di Fisica Applicata “Nello Carrara”-CNR, Sesto Fiorentino, FI, Italy. E-mail: j.agresti@ifac.cnr.it
(2) Soprintendenza per i Beni Archeologici della Toscana, Firenze, Italy. 
(3) Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, Berlin, Germany. 
In the present work, structural imaging and non-invasive compositional analysis have been 
successfully combined in order to investigate three bronze figurines from the antiquarian 
collection of the Egyptian Museum in Florence. This allowed exhaustive  identification of the 
raw materials and interpretation of the crafting processes used by ancient bronzesmiths. The 
artefacts were hollow castings presenting some peculiarities which made them representative 
of a broad class of archaeometric investigations. Preliminary X-radiographic analysis allowed 
arguing that one of them, representing the goddess Neith, contained intact casting cores, while 
another one, representing Isis Lactans, was emptied of the casting cores from visible 
openings, and the third, representing the Horus Falcon, contained some residual core 
materials. However,  X-radiography did not allow a sufficient image contrast needed in order 
to decipher the manufacturing procedures and state of conservation.  
Here, high resolution neutron tomography, carried on CONRAD2 at Helmholtz-Zentrum 
Berlin (HZB), was exploited for a thorough reading of the technological features of the 
mentioned copper alloy statuettes. Neutron tomography showed excellent details of the 
casting but also revealed a feature that was not visible in the X-radiographs. The cavity of the 
falcon seemed to contain a large number of small bones, fragments of textile and other 
organic residues. Although case studies where animal remains have been found within 
Egyptian bronze statuary, were previously reported and studied by direct visual inspection, 
here, we exploit for the first time high-resolution neutron tomography in order to visualize 
such remnants deposited in an inaccessible bronze cavity. At the same time, the present work 
also include compositional characterisations using portable XRF-XRD, Raman spectroscopy, 
laser induced plasma spectroscopy (LIPS), as well as time of flight neutron diffraction (TOF-
ND) carried out on INES at ISIS-RAL (UK). All these techniques are non-invasive and 
provide a powerful complementary analytical set for achieving reliable surface, depth profile, 
and bulk analyses, thus allowing exhaustive characterisation of the raw materials and 
corrosion phenomenologies.  The complementarity of these techniques was fully exploited in 
the present complex arsenical leaded bronzes, corrosion-mineralisation and casting cores 
characterisation problems. 
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 (1): Cité de la Céramique, Sèvres et Limoges, 2 Place de la Manufacture, 92310 Sèvres, France 
(2): Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, UPMC-CNRS, 4 place Jussieu, 
Case 115, 75005 Paris, France 
(3): Chimie du Solide et Energie, FRE 3677, Collège de France, 11 place Marcelin Berthelot, 75005 Paris, 
France 
(4): European Synchrotron Radiation Facility, 6 rue Jules Horowitz, BP 220, 38043 Grenoble Cedex 9, France 
Chromium is widely used in pigment manufacturing. The introduction of a few ppm of 
chromium in the gahnite ZnAl2O4 gives a pink coloration to the material. The Manufacture of 
Sèvres, famous for its production of fine porcelain artefacts [1], has been synthesizing this 
pigment since the 19th century to obtain pink decorations. Mixtures of these pigments with a 
colourless frit are applied on the porcelain and fired at high temperature to form an enamel, 
i.e. a decorative glassy layer. During the thermal treatment, alteration of the Cr-bearing 
crystals of the initial pigments can occur. ZnAl2O4:Cr3+ type pigment are not stable in a 
particular colourless frit used in the Manufacture of Sèvres. A brownish hue appears after the 
heating process. The interaction of Fe-Cr based pigment with glazes was reported in the 
literature [2,3], but chromium-doped spinel such as ZnAl2O4:Cr3+ has never been studied 
before. 
Decorative layers, or enamels, composed of a ZnAl2O4:Cr type pigment were studied into a 
classic composition of colourless frit from the Manufacture of Sèvres. Observations of the 
enamel under a Scanning Electron Microscope (SEM) revealed the formation of a Cr-rich 
layer between the grain of pigment and the colourless glassy matrix (Figure). µ-XANES 
analyses and X-ray diffraction combined with Rietveld refinement enables us to measure the 
exact composition of this reaction layer, the key parameters of its formation and to stabilize 
the pigment during the heating process. Finally we were able to understand the mechanism of 
colour change between the initial pigment and the final glaze. 
Figure: (left) Cross-section of an enamel on the top of a porcelain sample, (center and right) 
SEM picture of the layer of enamel and SEM picture and EDX map on a grain of pigment 
embedded in the glassy layer. The reaction layers appears in green.
[1] A. D'Albis, Traité de la porcelaine de Sèvres, Edition Faton, 2003.  
[2] S. H. Murdock, R. A. Eppler, American Ceramic Society bulletin,  68(1), 1989, 77-78.
[3] H. Yurdakul, S. Turan, E. Ozel, Dyes and Pigments, 91(2) 2011, 126-133. 
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Nazarenko Elena(1), Maarten Nachtegaal(1), Daniel Grolimund(1), Grigory 
Smolentsev(1), Jakub Szlachetko(1) and Claire Gervais(2)
(1) Paul Scherrer Institut,  CH-5232 Villigen PSI, Switzerland 
(2) Bern University of the Arts, Fellerstrasse 11, CH-3027 Bern, Switzerland
We use high resolution resonant X-ray emission spectroscopy (RXES) to clarify the 
mechanism behind color loss of mixed-valence Prussian Blue [1-3] at the local atomic and 
electronic structure changes level. The RXES technique combines X-ray absorption and 
emission spectroscopies (XAS and XES) in one experiment. Three reactions of PB have been 
implicated in color change [1]. Theoretical differential RXES spectra are shown in Figure 1: 
i) Reduction of Prussian Blue to Berlin white, which can be light-induced, or can be
initiated by a reducing agent. A loss of intensity around the energy of the Fe(II) site is 
expected ( Fig. 1, left).  
ii) Oxidation of [FeII(CN)6]
4-  ion to Prussian yellow. A loss of intensity around the
energy position of the Fe (III) site should appear (Fig. 1, middle). 
iii) Light induced substitution reaction with the formation of an aquapentacyanoferrate(II)
ion. In this instance, we would not observe lower and higher intensity in the RXES maps 
along the emission energy axis (Fig. 1, right). 
As a first step of the theoretical part of the project, the X-ray absorption spectrum of insoluble 
PB, which was preliminary obtained [4], has been calculated using an ab initio approach. 
Three PB structures available in the literature have been tested. High sensitivity of XAS to 
iron oxidation state and cell parameters has been confirmed. We have found a clear influence 
of distribution of the Fe(II) vacancies and the water distribution on XAS spectrum. As part of 
the experimental work of the project, high resolution XES and RXES of pure PB, references 
compounds, paint layers of admixture of PB with white pigments have been measured. The 
obtained results highlight the rich spectral information provided by RXES that will be used to 
clarify further the mechanism of Prussian Blue deterioration in paintings. Ultimately, we will 
apply this novel analytical approach combined with SR microbeam to real paint fragments. 
Figure 1. Theoretical 
estimation of differential 
RXES maps of the initial 
and final products in 
possible chemical 
reactions of Prussian 
Blue. The energies along 
the emission axis around 
7059 eV and 7061 eV 
relate to Fe(II) and 
Fe(III) sites 
correspondingly. 
[1] J. Kirby, D. Saunders, National Gallery Technical Bulletin 24, 2003.  
[2] A.Vila, K. Monrad, T. Filtenborg, J. Wadum, Science and Art The Painted Surface,  2014, 354.
[3] M. Ware, Cyanomicon , 2014. 
[4] C. Gervais, M.-A. Languille, S. Réguer, M. Gillet, S. Pelletier et all.,  J. Anal. At. Spectrom. 28, 2013, 1600.
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(1) Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Firenze, Via Sansone 1, I-50019, Sesto Fiorentino, 
Firenze, Italy
(2) Dipartimento di Fisica e Astronomia, Università di Firenze, Via Sansone 1, I-50019, Sesto Fiorentino, 
Firenze, Italy
Nuclear physics for Cultural Heritage (CH) has been gaining increasing importance since its 
introduction in the second half of the XIX century. The availability of many reliable 
accelerator facilities all over the world, the continuous improvement of detection systems, the 
introduction of micro-destructive and non-destructive/non-invasive analyses, the development 
of powerful and low-cost personal computer to control data acquisition, analysis and 
visualization, the introduction of imaging capabilities, both in 2D and 3D, and the 
implementation of portable systems have greatly increased the impact of nuclear techniques 
on CH.  
The synergy with complementary techniques, originating from different fields, has allowed 
for a deeper and more complete insight into the artworks, which can now be characterised 
with an unprecedented richness of information. 
These appealing features have attracted growing interest from many laboratories in the world, 
although only a few have been fully dedicated to the study of CH. In Florence, since the very 
beginnings of our activity in the mid 80s, we have been working both to develop and apply to 
CH techniques originating from nuclear physics: our first development has been the external-
beam, two-detector PIXE (Particle Induced X-ray Emission) set-up, which has become a 
worldwide standard for the analyses of precious and delicate objects. 
The capabilities of our group were greatly enhanced by the installation of a new 3 MV tandem 
accelerator, which allowed us to start the 14C  AMS  activity,  to  measure  the  age  of
archeological objects, and to upgrade the Ion Beam Analyses (IBA) capabilities by the use of 
different ion probes and energies.  
To further extend the IBA capabilities, we have developed an external microbeam, which, by 
scanning the beam over the sample, allows reconstructing, in a non-destructive and non-
invasive way, compositional maps over a surface of some square millimeters and thus to take 
into account the heterogeneity of materials constituting artworks and archaeological findings. 
To collect compositional maps over wider surfaces by moving the sample under fixed beam, 
we have been developing a new acquisition system, which will be used both for IBA and XRF 
(X-Ray Fluorescence) systems. By using the new system, we have been able to collect 
elemental maps up to 20 cm x 20 cm. This result was accomplished by the use of two 
motorized precision linear stages, remotely controlled by a C++ software program, developed 
by our group, which also manages X-ray acquisition and map reconstruction/visualization. 
Similar systems are now under development in few other laboratories, such as AGLAE in 
France and IBC in England. 
Wide-area, high-efficiency detectors, to reduce damage and/or the acquisition time in the 
wide-area scanning mode, and high-speed data acquisitions are under installation. 
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Characterization of gold leaves on Hellenistic terracotta 
artifacts: a PIXE-RBS mapping study 
Fourdrin C.(1), Pagès-Camagna S.(1), Pacheco C.(1), Radepont M. (1), Lemasson 
Q.(1), Moignard B.(1), Pichon L.(1), Bourgeois B.(1), and Jeammet V.(2)
(1) Centre de Recherche et de Restauration des Musées de France, 14 quai François Mitterrand 75001 
Paris
(2) Musée du Louvre, Département des Antiquités Grecques, Etrusques et Romaines, 99 rue de Rivoli 75001 
Paris
In this research supported by the Patrima Foundation, we present new insights on the 
composition, thickness and application of the gold leaves present as decorations on several 
terracotta artifacts excavated around the Mediterranean basin (Greece, Turkey, Egypt and 
Italia). The studied corpus is composed of 28 objects dating from the IVth century B.C. to the 
Ist century A.D. They are funerary figurines, representing women such as the unique Lady in 
Blue from Tanagra, or decorations pieces for the deceased (small flowers, buttons or pearls), 
stored in the Louvre Museum. In a previous work [1], the thicknesses of the leaves were 
estimated by X-ray fluorescence spectroscopy to less than 1 m. However, a precise 
determination was not achieved since the detection limit was reached. 
In the present study, the thicknesses of the gold leaves were determined using RBS 
spectroscopy with 3 MeV H+ or  particles. The RBS-PIXE experiments were conducted at 
the AGLAE facility (C2RMF, Paris). Without sampling, the acquired maps permit to 
differentiate the layers present below the metallic leaf. On those artifacts, the usually 
observed stratigraphy is composed of the following layers (Figure 1): the terracotta support 
(1), a white preparation layer (2) and most of the time a ferric bolus (3). The gold purity was 
calculated using H+-PIXE assuming a constant copper concentration in the preparation layer. 
The thicknesses were calculated using SIMNRA software. For all studied artifacts, the 
obtained values are below 1 m, therefore corroborating the previous results. The calculated 
thicknesses ranged between 250 and 600 nm for a gold purity mostly superior than 95% 
strongly suggesting an ancient purification process as well as a developed goldbeating 
technique during the Hellenistic period around the Mediterranean Sea. We will also discuss 
the values and errors bars obtained by H+ and  particles.
Figure 1: (1) terracotta support, (2) preparation layer, (3) bolus, (4) gold leaf 
[1] B. Bourgeois, V. Jeammet, S. Pagès-Camagna. Bulletin de Correspondance Hellénique, 136-137, p. 483-510, 
2014
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The New AGLAE project: last and future improvements of 
the AGLAE facility 
Claire Pacheco (1), Quentin Lemasson (1), Brice Moignard (1), Laurent Pichon (1) 
(1) Centre de recherche et de restauration des musées de France (C2RMF), France 
Situated in the Louvre premises and exclusively dedicated to the study of Cultural Heritage 
objects since 1988, the AGLAE facility has been at the crossroad of social science and hard 
science. 
Because Cultural Heritage artifacts are unique, sometimes sampling cannot be considered. 
The conservation state may also prohibit to work under vacuum. For that reason, an extracted 
beamline has been developed especially for Cultural Heritage objects on the AGLAE facility 
for 20 years [1]. 
Multidisciplinary, the New AGLAE project will provide an exceptional and multipurpose 
beam line with improved spatial resolution, beam stability and capability of multi-particle 
detection. 
One of the objectives is to increase the x-ray measurement detection, enabling to reduce by 
one order of magnitude the beam intensity, and thus the interaction with sensitive artworks. 
To reach that purpose, the surface and the number of PIXE detectors have been increased. 
Moreover, it can also provide large and/or fast mappings. Actually, analyses at single points 
of the target can answer proper questions but, in the case of Cultural Heritage objects, the 
heterogeneity of the materials makes it hard to get reliable representativeness of the analyzed 
materials. In these cases, mapping proves to be of utmost interest. 
Acquiring several-cm-sized maps with a 20/40 μm resolution has been made possible thanks 
to a multiparameter acquisition system coupled to a scanning of the area originally obtained 
by combining a fast vertical magnetic deflection of the beam and a mechanical movement of 
the target. Each event from EDX, gamma and particle detectors and the corresponding X, Y 
positions of the beam on the sample are simultaneously saved as a list file. To process the 
data, homemade software have been developed so as to rebuild the matrix of any detector 
and/or to re-bin data with a different pixel size. Dedicated software enables to make 
quantitative calculation either on series of global spectra or on each pixel of the maps, 
providing quantitative PIXE maps. The spatial distribution of elements determined by 
selected ROIs can be visualized and saved ; spectra corresponding to selected pixels directly 
drawn on a map can also be saved for future treatment. 
Limits and perspectives of the technique will be presented in the frame of some cases studies 
with imaging collected on prestigious Cultural Heritage objects. 
Finally, the AGLAE facility will participate in the Horizon 2020 European program named 
IPERION-CH. European research groups can apply for AGLAE beam time through the 
FIXLAB transnational access. This talk will describe the modalities, the calls for proposals 
and the detailed schedule of the 6-month shut down of the machine for the future works of 
New AGLAE in 2016. 
[1] J.C. Dran, J. Salomon, Th. Calligaro, Ph. Walter, “Ion beam analysis of art works: 14 years of use in the 
Louvre”, NIMB, June 2004, pp. 219-220, 7-15. 
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Vaccari(3), E. Mitri(3), F. Gabrieli(4), L. Cartechini(4), F. Rosi(4) and G. Valentini(1) 
(1) Politecnico di Milano, Physics Department, Piazza Leonardo da Vinci 32, 20133 Milan, Italy 
(2) IFN-CNR, Piazza Leonardo da Vinci 32, I-20133 Milan (Italy) 
(3) SISSI Beamline, Sincrotrone Trieste, Trieste, Italy 
(4) ISTM-CNR,Via Elce di Sotto 8, 60123 Perugia (Italy). 
During the second half of the 19th C. a new class of semiconductor pigments substituted the
traditional pigments used by painters in earlier times. Despite their improved properties in 
terms of hiding and handling power, early formulations of synthetic pigments have proven to 
be chemically unstable. Many impurities were unintentionally introduced during 
manufacturing, as highlighted by recent results obtained with  luminescence imaging of Zn-
based pigments[1]. The chemical characterization of modern paints on the nanoscale level, 
using high resolution X-ray fluorescence (XRF) mapping, proved effective for a better 
understanding of the fabrication and the chemical reactivity of ZnO pigments [2]. The 
investigation of vibrational and optical luminescence properties of ZnO pigments has further 
highlighted the interactions occurring when the pigment is mixed with a lipidic binder [3].  
In this work, we present the application of a multi-analytical approach for the analysis of Zn-
based semiconductor pigments. After laboratory measurements by optical luminescence, XRF 
and Raman spectroscopy, the need for micrometric spatial resolution and sub-ppm sensitivity 
required the access to synchrotron radiation sources.  
For revealing the presence of trace metal ions, we carried out P-XRF mapping measurements 
at LUCIA beamline at Soleil synchrotron, where we further investigated the oxidation states 
and coordination of metallic inclusions by means of P-X-ray Absorption Near Edge 
Spectroscopy (P-XANES). The mapping of metal impurities within pigment particles 
provided valuable data for discriminating amongst different manufacturing routes. 
To better characterize the interaction of pigments with oil- and alkyd-based binding media at 
the microscopic level and to spatially and spectrally identify the products arising from the 
pigment-binder interaction, synchrotron FTIR (SR-FTIR) spectroscopy measurements have 
been carried out at SISSI beamline at Elettra synchrotron. Maps of areas of interest in 
correspondence of specific molecular vibrations have allowed the identification of the 
organic-inorganic composite and the free metal carboxylates, proving to be fundamental for 
studying the evolution process of pigment/oil interactions. 
[1] D. Comelli, et al., Appl. Phys. A 106 (1), 2011, 25-34. 
[2] F. Casadio and V. Rose, Appl. Phys. A 111 (1), 2013, 1-8. 
[3] C. Clementi, et al., Appl. Spectr. 66, 2012, 1233-41. 
Acknowledgment: research was partially funded by the Italian Ministry of Education, Universities and Research 
within the framework of the JPI Cultural Heritage – JHEP Pilot call through the LeadART project "Induced 
decay and ageing mechanisms in paintings: focus on interactions between lead and zinc white and organic 
material" and within the Future in Research 2012 program through the FUTURAHMA project “From Futurism 
to Classicism (1910-1922). Research, Art History and Materials Analysis”. 
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CEDAD: a growing facility for dating and cultural 
heritage diagnostics by nuclear methods 
Lucio Calcagnile (1), Gianluca Quarta (1), Marisa D’Elia (1), Lucio Maruccio, 
Eugenia Braione(1), Maria Macchia (1) 
(1) CEDAD (Centre for Dating and Diagnostics), Department of Engineering for Innovation, University of 
Salento, via per Monteroni, 73100, Lecce, Italy  
The Centre for Dating and Diagnostics at the University of Salento was established in 2001 to 
be a National Facility dedicated to radiocarbon dating by AMS (Accelerator Mass 
Spectrometry). The facility, based on a 3 MV Tandetron accelerator, became fully operational 
for routine radiocarbon dating analyses in 2003 and since then has been continuously 
upgraded with the installation of different beam lines. Today, while the number of 
radiocarbon samples dated per year is continuously increasing, six different beam lines have 
been installed and are used for AMS radiocarbon dating, RBS (Rutherford Backscattering 
Spectrometry), PIXE (Particle Induced X-Ray Emission), PIGE (Particle Induced Gamma 
Ray Emission) both in vacuum and in external beam mode, ion implantation and nuclear 
microprobe. The sixth beam line was installed recently for the AMS analysis of rare nuclides 
other than 14C and has shown state of the art performances for the detection of 10Be, 26Al and
129I while tests on heavier masses isotopes (actinides) are in progress. 
Together with the instrumental developments directly related to the accelerator other 
improvements were related to the development of new sample processing procedures and of 
new approaches for the analysis and quality control of samples submitted to 14C dating (for
instance by FTIR and Raman) analysis. 
In the paper a general overview of the facility will be presented in terms of its performances, 
recent improvements and current research activities with a particular focus on those related to 
cultural heritage diagnostics. The outcome of the IT@CHA project funded by the Italian 
Ministry of Research, will be also presented. Indeed this project allowed the development of a 
new portable system for integrated Raman-XRF and PIXE analysis and of a highly innovative 
system for the simultaneous analysis of carbon and nitrogen stable isotopes by IRMS on 
samples submitted to radiocarbon dating.    
The availability of such a wide range of analytical techniques allowed to develop a highly 
integrated approach in cultural heritage diagnostics in which chronological information 
attained by 14C are complemented by compositional information obtained by both IBA, XRF
and Raman spectroscopies. Recent results in the study of archaeological and history of art 
cases will be presented and discussed.  
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In the frame of a research project funded by the Jubiläumsfonds der Oesterreichischen 
Nationalbank (project no. 11990) 1,200 selected ancient Greek bronze coins held in the 
collection of the Coin Cabinet of the Kunsthistorisches Museum Vienna (KHM) were studied 
concerning their preservation and conservation. The coins had been minted during the Roman 
imperial time (50 to 280 AD) using alloys with unusually high lead and/or tin contents. As a 
result of the burial of the coins followed by unfavourable storage conditions within historic 
wooden storage cases, a number of these highly leaded bronze coins show progressive whitish 
corrosion. 
Different analytical techniques, e.g. optical fluorescence microscopy, HIROX 3D-microsopy, 
scanning electron microscopy with energy dispersive X-ray detection (SEM-EDX), X-ray 
fluorescence spectrometry (XRF), X-ray and neutron radiography and tomography (Paul 
Scherrer Institute, Switzerland), µ-X-ray diffraction (XRD; Vienna University of Technology) 
and neutron diffraction (ISIS, UK) were used for the documentation and study of the different 
states of corrosion, the corrosion phases developing as well as the cause of the specific 
corrosion phenomena. 
The bulk composition of a selected number of objects was investigated by non-destructive 
neutron diffraction and the presence of lead rich inclusions in a copper rich matrix within the 
bulk of the objects by applying neutron tomography studies [1]. Continuative studies focused 
on the analysis of the corrosion phases – combining results from µ-XRD and neutron 
diffraction investigations – as well as on the manufacturing techniques of the antique Greek 
coins. The µ-XRD analysis applying a beam spot of 300 Pm allowed a localised 
determination of corrosion phases on the surface of the objects. The main corrosion products 
consist of metal (Cu, Pb, Cu/Sn) oxide phases. As minor components also metal sulphide 
phases could be assigned. To enable the distinction between different manufacturing 
techniques – either cast only or cast and minted – in a non-destructive way about 20 coins and 
15 laboratory test tokens were analysed by bulk neutron texture analysis which reveals 
changes in the microcrystalline structure of the alloys related to the mechanical minting 
processes. 
The presentation will focus on the discussion of the detection of the corrosion phases by 
different diffraction techniques and of the plastic deformation analysed by texture analysis.
[1] M. Griesser, R. Traum, K. Vondrovec, P. Vontobel, E.H. Lehmann, IOP Conf. Series: Materials Science and 
Engineering 37 2012, 012011
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(1) UCL Qatar, P.O. Box 25256, Georgetown Building, Hamad Bin Khalifa University, Doha, Qatar
This paper is a study of the influence of corrosion and conservation treatments on the accuracy
of non-destructive surface elemental analysis using portable XRF. The importance of scientific
analysis of cultural heritage artefacts is well recognised amongst museum professionals;
however, object integrity often presents a significant barrier to this end. The development of
non-invasive methods of analysis during the last decade provides a much sought after approach
to the heritage sector. Technological advances over the past 15 years have allowed the
manufacture of affordable and easy-to-use portable setups (e.g. pXRF) which can be used in
situ. Nevertheless, regardless of advances in analytical performance, results obtained can be
skewed if potential changes that the materials have been subjected to are not considered when
interpreting data. All materials undergo chemical changes through time. Metals are susceptible
to corrosion and are usually found covered with thick layers of corrosion products. Different
corrosion forms such as selective corrosion can lead to depletion of one specific metal within
the alloy with subsequent enrichment in another metal (e.g. dezincification of brass, de-
cuprification). Objects are often treated after excavation either for cleaning or stabilisation
purposes. These are of particular concern for surface analyses, the most common use of pXRF
instruments in Cultural Heritage applications.
The focal point of the research undertaken is to explore systematically the way different
deterioration mechanisms and cleaning of the surface of two copper alloys, a bronze (with 7.5-
8.5% Sn) and a brass (30% Zn) and a silver alloy (Cu 7.5%) could alter their surface, and how
compositional elemental analysis carried out by portable XRF might deviate from the
composition of the original alloy. Prior to analysing the test samples themselves, the
performance characteristics of the instrument were assessed on the basis of repeated analysis
of a number of relevant Certified Reference Materials. The copper alloys corroded at different
levels, cleaned and covered with different protection systems have been analysed using an
Olympus Innov-X Premium handheld system and the results considered comparatively with
those on the original uncorroded surface. Repeated analyses were taken in order to assess
material homogeneity taking into account instrument precision. Specific factors under
investigation include extent and type of corrosion, surface texture, morphology and geometry
of analysed area, cleaning method, type of surface protection applied. On the basis of these
results the paper proposes methodologies for best practice for the non-invasive chemical
analysis of cultural heritage artefacts using pXRF.
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This paper reports analysis of the Silver Crown made in 8th Century AD decorated with many 
kinds of jewels.  The Silver Crown (88 cm height) is worn by Fukukensaku Kannon, a 
national treasure, which is enshrined in Hokkedo Hall of Todai-ji temple as principal image 
and stands 12 feet high.  It dates back to 749 AD or earlier and is made of dry 
lacquer.  Hokkedo Hall is a national treasure and the oldest structure in Todai-ji temple in 
Nara. Nara was the capital of Japan during the Nara Period (710-784). The city is located in 
central Japan near Kyoto and Osaka. Nara is a home of various World Heritage sites including 
Todai-ji Temple. Hokkedo hall now has 10 Buddhist statues from the Nara Period.  Hokkedo 
was closed for restoration during 2010-2013. The silver crown was removed from the head of 
the Fukukensaku Kannon and temporarily placed in a Todaiji museum.  Utilizing this 
opportunity, we have a cance to carry out a scientific analysis using X-ray fluorescence and 
Raman spectroscopies.  This was the first modern analysis of the Crown and probably the 
final chance of analysis in this century. This silver crown raised the highest rank of the glass 
art in the 1st milenium AD in Japan.  The purpose of the analysis is to reveal the materials of 
the components of the  crown and to reveal the origin of the glass. 
Chemical analysis was carried out by using a portable X-ray fluorescence spectrometer 
OURSTEX 100FA-III which was developed by us in cooperation with OURSTEX Co. Ltd. 
The glass samples were excited by both monochromatic and white X-ray modes. Quantitative 
analysis  was conducted by the calibration curve method. Identification of jewels was made 
using a portable micro-Raman spectrometer MiniRam (B&W Tek, Inc.). Since we are not 
allowed to touch the national treasure, the analysis was made nondestructivly without contact 
of the instruments with the artifact. 
The frame of crown is made of pure silver with gold plating. Raman analysis identified that 
jewels are pearl, jade, amber, agate, and quartz.  The crown is decorated with more than 10 
thousands glass beads as well as jwels. The glass beads were classified into lead silicate glass 
or alkaline silicate glass.  Primary production of lead silicate glass began at the end of 7th 
century in Nara and this type of glass is typical for Nara period: e.g., we can see lead silicate 
glass in the Shosoin, Imperial Repository, Nara including minium, a component of lead glass, 
and recipe of glass.  Before domestic production of glasses started at the end of 7th Century, 
glasses were imported from West Asia, East Asia, South Asia, South east Asia since 3rd 
Century BC [1].  Quite a large number of glass beads of alkaline silicate type are excavated 
from tombs of 3rd Century BC to 7th Century AD in Japan.   They were all imported from the 
Asian countries although secondary production of the glass beads were popular because 
ceramic molds for glass production were excavated from several archaeological sites in Japan. 
This fact suggests that precious “antique” imported glasses with alkaline silicate type were 
used for the making of the Crown together with “modern” lead silicate glass.
[1] K.Janssens (Ed.), Modern Methods for Analyzing Archaeological and Historical Glass, John Wiley(2013)445. 
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During the 16th c. AD, bronze statuary reappears in France after more than a millennium of 
quasi absence. How and from where did the French founders and sculptors acquire the 
necessary skills and know-how to achieve such complex bronze objects? The on-going 
technical study of three prestigious royal commissions, namely two of the six bronzes from 
the Belvedere copied by Primaticcio for Francis I, two of the six statues from the funeral 
monument of Henry II and Catherine de Medici, and the three bronzes from the heart 
monument of Constable Anne de Montmorency provide some answers. Among the 
investigations carried out (alloy composition, X-ray radiography, etc), the chemical and petro-
fabric analysis of the refractory cores sampled from inside the statues has proven to be 
crucial. Surprisingly, this approach is far from systematic in the field, despite some successful 
examples including the pioneering work of C. Reedy. The paper introduces the new 
methodology of casting core analysis developed at the C2RMF. Results obtained on the afore 
mentioned royal statues will be described, thus illustrating the complementary role of core 
analysis with respect to the informative potential of metal analysis and casting technique 
characterization. During the 16th and 17th c. AD in France, the casting core happens to be a 
sandy clay material with more or less organic fibers. Two kind of information may be 
extracted from the study of the core. On the one hand, the mineralogical compositions show a 
strong homogeneity within the region of Paris and its surroundings, thus testifying to a similar 
provenance of raw materials. Conversely, significant differences can be pointed out through 
extra-regional compositions. Consequently the casting cores constitute an excellent regional 
marker. On the other hand, the tempering (by sand and organic fibers) may vary between 
several Parisian foundry-man, thus witnessing local foundry recipes.   
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Bronze coins from the area of the Mediterranean basin, of the period IV-X century AD, were 
analyzed using different analytical physical techniques.  
X-ray fluorescence-characteristic has been used with electrons, photons and ions beams, in 
order to investigate the elemental composition of surface layers and of the bulk. 
The quadrupole mass spectrometry coupled to laser ablation in high vacuum was used for 
analysis of some typical material compounds of the surface contamination. 
Mass spectrometry in high resolution and sensitivity, extended up to 300 amu, has allowed to 
measure the Pb isotopic ratios in the coins. Quantitative analysis of the isotopic ratios 
identifies the type of mineral used in the production of bronze coins. A comparison of the 
measured isotopes with those of international data book of geological and geophysical sources 
of the Mediterranean basin allows to put in relation the coins with the possible sites of the 
mineral extraction [1]. 
[1] L. Torrisi et Al., Nucl. Instr. and Methods B268,1657-1664 (2010) 
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At the world-famous Dunhuang grottoes World Heritage Site, the Courtauld Institute of Art 
has an ongoing joint research and educational programme with the Dunhuang Research 
Academy and the Getty Conservation Institute. From among the nearly 500 painted Buddhist 
cave temples, dating from the 4th to the 14th centuries, and with over 45,000 m2 of wall 
painting and some 2,000 sculptures, a representative cave was selected for intensive research. 
Cave 260 is fully painted with some 200 m2 of wall painting as well as sculptural decoration. 
The paintings depict scenes from the life of the Buddha painted against a “thousand-Buddha” 
background. Cave 260 was chosen as exemplary for its high quality, early date and because it 
has conservation issues common to other caves at Dunhuang and at other sites in China. The 
current appearance of the paintings has changed in large part because of alteration of original 
materials due to time, the environment and habitation fires. The collaborative program 
included reference investigations in a coeval cave (Cave 263) to contextualise Cave 260. 
Given the overwhelming scale of the task of understanding the nature and current condition of 
such a colossal amount of painting and sculpture, all with exceedingly long and complex 
physical histories, the intention of the research presented here was to extend the traditional 
approach of invasive analysis (consequently point analysis), to non-invasive investigations 
(therefore encompassing areas). The multispectral imaging methods developed and 
implemented by Verri were transferred to the Dunhuang Academy, and have since been 
incrementally enhanced and extended. Complementary analytical evidence (both invasive and 
point analysis) demonstrates the essential role of the technical imaging investigations in both 
focusing further analysis and interpreting the various evidence obtained. 
In Cave 260 a comprehensive non-invasive (multispectral imaging, XRF, mid-FTIR and 
Raman) and invasive investigation (cross-sections, dispersions, stain testing, SEM-EDX, 
ELISA and earthen materials analysis, including XRD) of the painting technology and a 
detailed condition assessment were undertaken. The combination of the analytical techniques, 
integrated with examination tools such as infrared-reflected and ultraviolet-induced 
fluorescence imaging, provided a remarkable insight into the painting technology and 
subsequent re-use of the cave. Technical analysis, in conjunction with art-historical 
considerations, demonstrated that the cave was only partially repainted and updated in the 
later Song dynasty, indicating continuous use of the original painting but reflecting changes in 
aesthetics that resulted in partial changes of the painted scheme and not its complete 
obliteration, as often  observed in other examples.
Thousand Buddha scheme in Cave 260, Mogao, Dunhuang China: ultraviolet-induced luminescence image 
showing the presence of an organic colorant. Photo: Verri 
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Recently, a small panel painting, which was attributed to the workshop of Anthony van Dyck 
(1599-1641), has been subject of investigation. The small (42.5 x 34.2 cm) painting, Virgin 
and Child with Saints Rosalia, Peter and Paul, is in a private collection. It was attributed to 
Antony van Dyck on the basis of striking stylistic similarities with a securely autograph work 
Virgin and Child with Saints Rosalia, Peter and Paul in the Kunsthistorisches Museum in 
Vienna. 
In fact, it is a faithful copy in mirror image of the much larger (275 x 210 cm) Vienna 
painting that Anthony van Dyck made in 1629 for the Confraternity’s Chapel of the Antwerp 
Jesuit Church. 
Anthony van Dyck was a highly accomplished artist, who in 1632 became painter of the court 
in London: principalle Paynter in ordinary to their majesties. His great success compelled van 
Dyck to maintain a large workshop in London. 
Many of his paintings were done in several versions and he was known to have kept small 
copies of his works as a catalogue of his body of work. The actual function of these copies is 
still open to interpretation, but - if contemporary - they should not be interpreted as fakes. 
Some of these small versions are copies of larger paintings, and known as ricordi.  Ricordo
(Italian for "record" or "memory") means a similar piece produced as a small copy after 
completion of the original work as a record for the workshop. 
In the present study, we tried to get a better understanding of the working methods used to 
produce the small Virgin and Child with Saints Rosalia, Peter and Paul clarify its 
relationships with the Vienna painting, and resolve questions of attribution. 
The object was examined with the stereo-microscope, a high-resolution digital microscope 
(HIROX), energy dispersive µ- x-ray fluorescence (µ-XRF), x-ray diffraction (XRD), with 
infra-red reflectography (IRR) and 2D-macro x-ray fluorescence (MA-XRF) scanning.  
Based on careful observations a small number of samples were taken to investigate the 
composition of carrier, ground layer and stratigraphy of the paint layers. The samples were 
analyzed with microscopic, microchemical, spectrometric, and chromatographic methods to 
identify inorganic pigments, organic colorants and binding medium, and understand the paint 
stratigraphy. The results of our analyses were evaluated in relation to contemporary 
documents and technical sources. Thus, we succeeded in providing material for a proper 
assessment of the relation between the two paintings, and in resolving questions of attribution. 
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The Art Gallery of New South Wales (AGNSW), Sydney, acquired a significant collection of 
ceremonial objects from the Highlands of Papua New Guinea (PNG), donated by the prolific 
collector Stanley Gordon Moriarty. These exquisite objects, collected during Moriarty’s trip to the 
highlands in 1961-1972, were locally made for ceremonial rituals such as male initiations and festival 
shows. Examples include colorfully painted headdresses that adorn the bodies, bright battle shields 
for fighting and house boards, which were used for both ritual and functional purposes. Selected 
pieces have been conserved and displayed at a recent exhibition entitled Plumes and Pearl Shells [1].
While accounts of the lives of the PNG people are plenty, information on the materials and 
techniques of the ceremonial objects is scarce and limited to anecdotal. Documentation of the PNG 
ceremonial objects became a challenge, as some information is unavailable and possibly wrongly 
attributed. Although Hill’s research interviewing indigenous people on the materials of construction 
offers first-hand information, scientific analysis was considered necessary as a complementary tool 
[2]. All these reasons motivated in-depth scientific analyses of the PNG ceremonial objects.
A preliminary FTIR spectroscopy analysis of a Timbu Wara (a spiritual ritual figure) in the AGNSW 
collection detected a rare blue pigment, vivianite [3], which can exist in varying shades of pale to 
deep blue or yellow, depending on the oxidation state of iron [4, 5]. Colored paints were used to 
encode certain meaning and it was thought that their application could transform objects into 
something spiritually powerful [6]. These findings stimulated the analytical interest to characterize 
pigments applied on the PNG ceremonial objects. The scientific results would aid in accurate 
material attribution for provenance study and conservation.
Micro-samples extracted from 15 objects have been analysed using Raman and FTIR microscopy, in 
combination with SEM-EDS and XRD. In addition to the traditionally known pigment hematite, 
carbon black and rare pigment vivianite, synthetic pigments including artificial ultramarine, 
phthalocyanine and various monoazo pigments were detected. These pigments were usually mixed 
with kaolinite, quartz, calcium carbonate and barium sulphate. This study hopes to map out the 
occurrence of pigments from different regions of the highlands and suggests a plausible trade route of 
commercial paints from foreigners during that period. 
[1] [6] R. Hill, Colour and Ceremony: the role of paints among the Mendi and Sulka peoples of Papua New Guinea, 
Masters Thesis, Durham University, 2011. 
[2] [1] N. Wilson (ed.), Plumes and Pearlshells: Art of the New Guinea Highlands,Art Gallery of New South Wales, 
Sydney, 2014. 
[3] [2] R. Hill, Traditional Paint From Papua New Guinea: Context, materials and techniques, and their implications for 
conservation, The Conservator 25, 2001, 49-61. 
[4] [3] B. Stuart, K.Head, P. Dredge. Pigments used in ceremonial objects of the Highlands of Papua New Guinea: An 
infrared spectroscopy study,  ICOM-CC 17th Triennial Conference, 2014. 
[5] [4] D.A. Scott & G. Eggert, The vicissitudes of vivianite as pigment and corrosion product, Studies in Conservation, 
52, 2007, 3-13. 
[6] [5] Z. Cermáková, S.Švarcová, D. Hradil, P. Bauerová, J. Hradilová & P. Bezdicka, Vivianite: A historic blue 
pigment and its degradation under scrutiny, in Science and Technology for the Conservation of Cultural Heritage, eds. 
M.A. Rogerio-Candelera, M. Lazzari & E. Cano, CRC Press, Boca Raton, 2013, 75-78. 
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In recent years, the use of mobile Raman equipments archeological, artistic and conservation tool has largely 
increased due to the possibility to obtain quick and non-destructive compositional analysis on unvaluable, 
unmovable, unique art objects [1]. In particular, art and archaeological museums can take big advantage in 
performing in-situ measurements in a short time and without moving them.  
In this work, we report on the campaign of Raman measurements carried out on the important collection of 
Greek and Roman jewels preserved in the Paolo Orsi Regional Museum in Siracusa (Sicily, Italy) with the 
aim at confirming the compositional attribution of the gems and gemological materials present in the 
collection.  
Measurements were carried out using two different instruments: an handheld spectrometer DeltaNu 
RockHound operating at 785 nm and a portable spectrometer Enwave EZRAMAN-I-DUAL equipped with 
two laser sources at 785 nm and 532 nm.  
Sixty jewels dated back to Hellenistic period, namely loose gems, earrings, rings, necklaces, pendants and 
various artifacts [2-4] have been analysed. In all cases the composition of the gems was identified. For many 
jewels the composition was found coherent with the archeological attribution, while in many cases the 
obtained results reveal the use of natural and artificial simulants; in some case we found important 
differences, sometimes surprising. In conclusion, by means of mobile Raman instrumentations it has been 
possible, in just a day of measurements, to check and, in some case, re-define the composition of some
important archaeological jewels, without any damage or stress for the precious items.  
[1] P. Vandenabeele, Journal of Raman Spectroscopy 35(8-9), 2004, 607-609
[2] A. Crispino, scheda in F.Caruso-G. Monterosso ( a cura di), Dioniso Mito immagine teatro, catalogo della mostra 
Museo Archeologico Regionale “Paolo Orsi”, 10 maggio-30 settembre 2012, Siracusa 2012, p.80 
[3] P. Orsi, Sepolcro con oreficerie in contrada Dammusi, in Notizie degli Scavi 1915 , pp. 87-88, fig. 7 (disegno di R. 
Carta) 
[4] L. Bernabò Brea,   scheda in P. Pelagatti-G. Voza (a cura di), in Archeologia della Sicilia sud-orientale, Napoli 
1973, p.79 
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Since the earliest periods of musical instrument making, the decoration of the violins with 
different techniques has had an important influence on the aesthetic characteristics and 
consequently the prestige and the worth of an instrument. Antonio Stradivari realized several 
stringed and plucked instruments decorated with various techniques: inlay, marquetry, wood 
etching and dying, similar to those used for furniture and precious wooden objects [1]. The 
Hellier violin (1679), actually held in Museo del Violino of Cremona (Italy), is one of the 
most important violin of this decorated stringed instruments. Figure 1 shows the lateral view 
of the Hellier violin with the ribs and head inlays.  
This research focuses on the study of the Hellier violin and on the analytical characterization 
of the materials, such as surface varnishes, inlays, purflings and decorations, with different 
totally not invasive diagnostic techniques. The UV-induced visible fluorescence, optical 
digital microscopy, ED-XRF associated with FTIR spectroscopy  analysis, 
were performed. The investigations were aimed to identify the presence of original varnish 
layers, and to characterize the composition of the decorations, either the inlaid purflings or the 
black material used between them. The preliminary results suggest the presence of (i) oils 
with natural resins as main component of the varnishes, (ii) calcium phosphates (bone or 
ivory) in the white decorative elements of the inlays, and (iii) iron-gall ink in the black 
material of the top and back plate inlay and in the head and ribs decorations, as well as in the 
black strips of the purflings. Signals ascribable to the presence of the proteinaceous 
compounds were detected in the worn out areas of the violin. 
[1] C. Krekel, International Journal of Forensic Document Examiners 5, (54), 1999.
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A large assemblage of Byzantine glazed pottery from ancient Corinth, Greece was analyzed 
by a multi-technique analytical approach aiming to tackle questions of provenance and 
technology. The samples cover a long time period (7th – 14th c. AD) and a wide range of the 
most representative wares and classes. Standard non-invasive analytical techniques 
(SEM/EDS, XRF) were applied in combination with the less common high precision 
techniques (PGAA, μPIXE) and Raman spectroscopy, in order to examine the ceramic body, 
the glaze and the ceramic-glaze interface of the samples.  
Provenance: The analysis of the ceramic bodies lead to the formation of five clay groups with 
distinct compositional and mineralogical traits. Three groups are attributed to local 
(Corinthian) production according to stylistic and typological criteria, whereas the other two 
groups are considered imports, possibly of eastern origin (Asia Minor).  
Manufacturing technology: Three distinct glaze groups were distinguished on the basis of 
composition [1]: (a) frit, (b) lead glaze composed solely of Pb, and (c) lead glaze composed of 
a Si-Pb suspension. Despite the vast difference in the Si:Pb ratio observed for  lead glazes of 
the same colour, period and type, there seem to be specific compositional correlations among 
all samples, with the exception of a few high quality objects. Examples of glaze application 
on both unfired and biscuit-fired bodies have been found among the samples. The 
polymerization index (Ip) was calculated providing with an estimation of the heating 
temperature of the glaze [2].   
Byzantine pottery from Corinth has been widely studied in terms of typology and 
classification [3]. However, the present work is the first large scale physicochemical analysis, 
providing new information regarding the composition, technology and provenance of all 
major typological categories of Medieval Greece’s glazed ceramics. 
[1] D. Hurst and I. Freestone, Medieval Ceramics, 20, 1996, 13-18.
[2] Ph. Colomban, A. Tournie A. and L. Bellot-Gurlet, Journal of Raman Spectroscopy, 37, 2006, 841-852.
[3] G. Sanders, PhD dissertation, University of Birmingham, 1995. 
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Applied brocades are complex relief decoration applied on painted or sculpted support aiming 
at reproducing the gold or silver threads of precious fabrics. Original from Central Europe, in 
particular Low Countries from the beginning of the XIVth century [1], this complex decorative
process rapidly spread to Southern Europe, e.g. France, Portugal and Spain [2] being widely 
used from the mid-XVth century to the mid-XVIth century.
The lacunar state of conservation of the applied brocade as well as the scattered 
documentation concerning this technique motivated the study and classification of an 
important number of applied brocades recently identified on a corpus of 7 sculptures from 
Savoie duchy, France, dated from 1460 to 1530. 
In order to provide a complete characterization of the different types of applied brocades from 
overall to detail, an extended analytical protocol has been settled based on i) in-situ X-Ray 
Diffraction (XRD) and Fluorescence (XRF) analyses, completed by ii) the sampling of micro-
fragments specifically prepared for the combination of visible and electronic microscopies 
with µ-Fourier Transform InfraRed and µ-XRF spectroscopies.  
This combination of techniques allowed both the identification and localization of the 
different ingredients present into the complex stratigraphy of applied brocades. Consequently, 
ancient know-hows involved in the execution of applied brocade in Savoie area have been 
undiscovered.  
Completed by stylistic and historic studies on applied brocade and brocade textile, this work 
helps in understanding the place of this production in an enlarged geographic and economical 
context. In particular, it already allows exhibiting specific local features mainly inspired by 
South Europe techniques. 
[1]I. Geelen, et al., Imitation and Illusion: Applied Brocade in the Art of the Low Countries in the Fifteenth and 
Sixteenth Centuries. 2011: Koniklijk Instituut voor het Kunstpatrimonium.
[2]A.R. López, Análisis y clasificación de los brocados aplicados de los retablos de Guipúzcoa. 2010: 
Universidad del País Vasco, Servicio Editorial: Euskal Herriko Unibertsitatea, Argitalpen Zerbitzua.
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N. A. Pérez(1), L. Bucio(1), E. Lima(2), E. Soto(3), C. Cedillo(4)
(1) Instituto de Física, UNAM Circuito de la Investigación Científica s/n, 04510, Coyoacán,  México DF 
(2) Instituto de Investigaciones en Materiales UNAM Circuito Exterior s/n ,04510 Coyoacán,  México DF
(3) Instituto Mexicano del Petróleo, Eje Central Lázaro Cárdenas Norte 152, 07730, México D.F.
(4) Centro INAH Puebla, INAH, Av. Ejército de Oriente s/n,  72270, Puebla, México.
This research seeks to provide a comprehensive study of the minerals that compose the earth 
bricks (adobe) that were used as building material in the Great Pyramid at the archaeological 
site of Cholula, Puebla, Mexico. This magnificent structure has one of the largest platforms in 
the world, and was built from 30 to 450 AD by the Cholulteca pre Hispanic culture. 
X-ray diffraction and chemical analysis allowed us to identify the crystalline minerals as well 
as significant quantity of amorphous and semi-crystalline phases present in the bricks. The 
aim is to improve our understanding on the effects of the composition and microstructure on 
the properties of the earth bricks. 
Poorly crystalline components in the clay fraction are often neglected in mineralogical 
studies, perhaps by factors such as variability of composition, nanometric-particle size and 
also degradation among others that make difficult their determination. Even so, the 
identification of this type of phases is important since the presence of allophane and other 
nanophase materials are indicative of incipient chemical weathering.   
The earth bricks were sieved according to ASTM D422 standard method so the fine silt phase 
was carefully analyzed. Opal and allophane were identified through XRD, Fourier 
Transformed Infrared spectroscopy (FTIR), 29Si and 27Al Nuclear Magnetic Resonance with
Magic Angle Spin (NMR-MAS), Thermal Analysis and Scanning Electron Microscopy 
(SEM). The presence of allophane has an effect on the ability of the soil to adsorb water, and 
therefore, on the engineering properties of a given material such as the adobe. The influence 
of this mineral on the behavior of the adobe earth bricks was determined by measuring the 
Atterberg limits.  This was done changing the proportion of amorphous phase; the result 
found is that this proportion determines the stability of the bricks. 
By identifying the role that the poorly crystalline mineral plays on the properties of the adobe, 
a relationship between structure and function was established. The results allow us to develop 
pathways on how to control and forecast the involved material properties in this particular 
case of study, besides expanding the knowledge of the technology of pre-Hispanic earth 
architecture. 
Keywords 
Earth bricks 
Amorphous 
X Ray Diffraction 
Solid State NMR 
Allophane 
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A. Moropoulou(1), N. Zacharias(2), E.T. Delegou(1), B. Maróti(3)
and Zs. Kasztovszky(3)
(1) Laboratory of Materials Science & Engineering, School of Chemical Engineering, National Technical 
University of Athens, 9 Iroon Polytechniou Str., Zografou Campus, Athens, 15780, Greece  
 (2) Laboratory of Archaeometry, Department of History, Archaeology and Cultural Resources Management, 
University of the Peloponnese, 24 100 Kalamata, Greece  
(3)Nuclear Analysis and Radiography Department MTA, Centre for Energy Research, H-1121 Budapest 
Konkoly Thege 29-33, Hungary. 
The Great Church, as Hagia Sophia is also called, is an impressive monument, designed and 
constructed by Anthemius of Thralles and Isidorus of Miletus under the order of emperor 
Justinian, between 532 and 537 A.D [1].The interior walls of Hagia Sophia were decorated by 
mosaics of exceptional beauty. Today existing mosaics are of different construction phases, 
since earthquake occurrences repeatedly damaged the monument through the centuries; and 
figural mosaics were added to the original non-figural mosaics of the 6th century over the 
passing years, depicting trends and needs of social, religious and political character [2]. Gold 
and silver glass tesserae were used mainly at the background of Hagia Sophia mosaics, 
whereas glass tesserae of different colorings can be found in both figural and non-figural 
mosaics.  
The aim of the study is to provide the results of a holistic, non-invasive analytical 
examination of nine opaque, colored tesserae; namely, the combined use of Fibre Optics 
Microscopy (FOM) for a first characterization of their preservation state, Scanning Electron 
Microscopy coupled with an Energy Dispersion Analyser (SEM-EDS) and X-Rays 
Fluorescence (XRF) for the surface microtopography and analysis, respectively and Prompt-
Gamma Activation Analysis (PGAA) for a bulk analytical examination of the glass matrix. 
The study resulted the technological examination of the material (base glass characterization, 
colorants and opacifiers used) but, further, provenance issues regarding the origin of the 
collection were also investigated. To that direction, the statistical data point to recipes that 
correspond to soda (natron) -lime glasses that differentiate from other Byzantine glass 
tessearae from Greek monuments but are quite close to Early Byzantine glass tesserae from 
Italian sites (Ravenna churches). A key issue this study aims is to draw conclusions on 
whether the Constantinopole technicians used locally made tesserae or imported from glass 
production sites from the Eastern (e.g. the Levant) or the Western Roman Empire.  
[1] R. J. Mainstone, Hagia Sophia. Architecture, structure and liturgy of Justinian’s Great Church, Thames and 
Hudson, London, 1997. 
[2] N. B. Teterianikov, Mosaics of Hagia Sophia, Istanbul: The Fossati Restoration and the work of the 
Byzantine Institute”, Dumbarton Oaks Trustees for Harvard University, Washington D.C., USA, 1998. 
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R.J.C.Silva(3) and I.Liritzis(5)
(1) Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), 
Departamento de Física, FCT-UNL, 2829-516 Monte da Caparica, Portugal 
(2) Centro de Física Nuclear da Universidade de Lisboa, Av. Prof. Gama Pinto, 1649-003 Lisboa, Portugal 
(3) CENIMAT/I3N, Departamento de Ciência dos Materiais, FCT-UNL, 2829-516 Monte da Caparica, Portugal 
 (4) IPFN, IST-UL, Campus Tecnológico e Nuclear, E.N. 10, 2695-066 Sacavém, Portugal 
 (5) Laboratory of Archaeometry, Dept of Mediterranean Studies, University of the Aegean,  
1 Demokratias Ave., Rhodes 85100, Greece 
Until present there is no dating method directly applied to metal artifacts that can be used by 
archaeologists or metallurgists to reveal the age of those ancient artifacts. In 2006 [1] a 
radiometric method was proposed based on the isotopic fractionation that may occur during 
ore smelting, disrupting the secular equilibrium in the uranium-238 series.  
To explore/validate this dating method, alpha-spectrometry and analyses by SEM-EDS, XRD, 
PIXE and RBS were performed on materials obtained from recent smelting experiments 
simulating ancient and traditional technologies, as well as on coins from different 
chronological periods (XIVtotheXXIcentury). Coins show different alpha emission spectra. 
Products obtained by smelting cassiterite to produce tin in a traditional small scale operation, 
show an isotopic fractionation (fig.1).
However, this fractionation does 
not occur for the 226Ra as predicted 
in [1], but with almost all alpha 
emitters except 210Po (as seen in the 
alpha spectra obtained for tin). The 
spectra shown in fig.1 also show a 
peak structure for the Po isotopes, 
indicating that they are 
concentrated at the surface of the 
ore and of the metal. 
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Fig.1Energyspectraofalphaparticlesemittedbycassiteriteand
by Sn (11days).Also identified are the alphaemittersenergies
belongingtothe238Useries.
[1] I. Liritzis,Mediterranean Archaeology and Archaeometry, Vol.6, No 2, 2006, 81-95. 
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The composition and structure of the plating and base materials in American Ag-plated 
cultural heritage objects is often undocumented, resulting in many unanswered questions in 
regards to their provenance and production methods. Due to the nature of cultural heritage 
studies in general, the methods chosen for analytical analysis must be non-destructive, or 
minimally destructive so as not to affect the visual appearance. In our preliminary study, the 
Dallas Museum of Art’s (DMA) Ag-plated objects from the Modernist movement of the late
19th and early 20th centuries have been found to have Ag-plating thicknesses ranging from 5
μm – 80 μm[1]. The objective of this study is to compare the effectiveness of three non-
destructive complementary analytical methods to characterize both the plating and base 
materials of a typical Ag-plated object and to contrast these results with conventional 
destructive metallographic methods.
The object chosen, a sacrificial 1938 “Century” fork from the New York Central train system,
for the study is identical to an Ag-plated object from the DMA’s collection of Ag-plated
objects from the Modernist movement of the late 19th and early 20th centuries. To evaluate the
effectiveness of the non-destructive methods, the sacrificial object was first examined using 
conventional destructive metallographic methods, where a cross-section of the handle and 
tines of the “Century” fork was sectioned, mounted, and polished and then characterized 
using optical microscopy and scanning electron microscope (SEM) with energy dispersive X-
ray spectroscopy (EDS). The first non-destructive method involved synchrotron X-Ray 
diffraction (SR-XRD), which revealed the plating thickness, texture related to processing 
methods, and the phase present in both the base metal and plating region. While effective for 
characterization, this non-destructive method is by far the most difficult to perform.  The 
second method involved a dual beam focused ion beam (FIB) / (SEM) equipped with an 
(EDS) system[1], which provided elemental composition of both the plating and base 
materials and images of the plating thickness and grain structure giving some insight into 
processing methods. This non-destructive method is effective for characterization and is 
relatively easy to perform but requires transport of the object and has some size limitations. 
The third non-destructive method involved handheld X-Ray Fluorescence (XRF), which 
provides qualitative elemental composition of both the plating and base materials. This non-
destructive method is effective for characterization is the least effective due to the limited 
amount of information obtained and difficulty with quantification, but most easily performed. 
Each non-destructive analytical method yielded complementary results about the composition, 
plating thickness, texture and phases present in the plating and base materials of the Ag-plated 
“Century” fork and aided in the verification of the results from the other methods.
Through these methods, we prove that successful characterization of Ag-plated cultural 
heritage objects is possible non-destructively, thus maintaining the object’s structural,
historical or artistic integrity. In addition, it can be easily seen how the combination of these 
techniques can readily be applied to many other problems in cultural heritage studies.  
[1] M. Carl, C.A. Smith, M.L. Young,  MRS Fall Meeting, MRS, Boston, MA, USA, 2014. 
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Fig.1: XRL spectra of lapis lazuli 
from different provenances
;5D\LQGXFHGOXPLQHVFHQFHDVDWRROIRUPDWHULDO
FKDUDFWHULVDWLRQLQDUWDQGDUFKDHRORJ\
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(1) University of  Torino, Physics Dept and INFN, Sezione di Torino, via Pietro Giuria 1, 10125 Torino, Italy 
(2) University of  Bologna, Physics and Astronomy Dept and INFN, Sezione di Bologna, viale  Berti Pichat 6/2,
40127 Bologna, Italy; Centro Studi e Ricerche Enrico Fermi, Piazza del Viminale 1, 00184 Roma, Italy 
 (3) INFN, Sezione di Firenze, via Sansone 1, 50019, Sesto Fiorentino, Firenze, Italy 
(4) University of Firenze, Physics and Astronomy Dept, Via Sansone 1, 50019, Sesto Fiorentino, Firenze, Italy 
 (5) University of Ferrara, Physics and Earth Science Dept., and INFN, sezione di Ferrara, via Saragat 1, 44122
Ferrara, Italy
Analytical techniques based on luminescence properties of materials have already revealed to 
be interesting for different purposes in art and archaeology. For example, 
cathodoluminescence (CL) coupled with optical microscopes or scanning electron 
microscopes and iono-luminescence (IL) installed on proton probe beamlines proved to be 
very useful for identification of mineralogical phases and for provenance studies [1-3].  
Although the above-mentioned approaches actually give valuable information, the potentiality 
of luminescence-based techniques has not yet been fully exploited, due to the lack of 
portability, a great limitation in the field of Cultural Heritage. To overcome these limitations 
and to investigate the potential of a scarcely used technique in this field, a test apparatus for 
X-Ray induced Luminescence (XRL) was developed in the framework of the INFN-CHNet 
collaboration. X-rays as excitation source were chosen because they are non-invasive and 
potentially integrable in a portable XRF/XRD apparatus. The prototype is based on a X-ray 
tube and a cooled-spectrometer collecting the induced light through an optical fibre. 
The first results are encouraging. In fact, the XRL was 
applied to the characterisation of lapis lazuli stones and it 
allowed us to discriminate among some different 
provenances in a similar way to what obtained i.e. with CL 
and IL [2,4]. For example in Fig. 1 the double broad band 
typical of wollastonite, a mineral widely spread only in the 
Chilean rocks, allows discriminating the stones of this 
origin from those of Afghan provenance that, as other 
Asian lapis lazuli, are rich in diopside, a mineral showing 
its peculiar band centred at 585 nm. 
[1] S. Calusi et al, NIMB 266, 2008, 2306-2310 
[2] A. Lo Giudice et al., Anal Bioanal Chem 395(7), 2009, 2211-2217 
[3] A. Lo Giudice et al., Anal Bioanal Chem 404(1), 2012, 277-281 
[4] A. Re et al, NIMB, 2015: DOI: 10.1016/j.nimb.2014.11.060 
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Microtomography studies on metal-imitating pottery 
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(1) Dip. Di Fisica, Univ. della Calabria, P.te Bucci 31C, 87036 Arcavacata di Rende, CS, Italy. 
(2) Elettra - Sincrotrone Trieste S.C.p.A., 34149 Basovizza (Trieste), TS, Italy. 
(3) Soprintendenza per i beni Archeologici della Calabria – Ufficio territoriale di Sibari, 87011 Sibari, CS, Italy. 
(4) Dip. di Studi Umanistici, Univ. della Calabria, P.te Bucci 21B, 87036 Arcavacata di Rende, CS, Italy 
We have studied by synchrotron microtomography the internal structure of metal imitating 
pottery samples dating from the second half of IV to the first half of III century B.C. The 
specimens were found in the area of San Brancato Tortora, in the ancient southern Tyrrhenian 
Lucania, and in the town of Salto di Cariati, in the north-east ancient Brettia (Calabria-Italy).
SEM-EDX measurements [1] show that these artefacts consist of a ceramic body covered by a 
tin film with the aim of replicating silver grave goods. In literature, it is known that different 
techniques were used to prepare this class of objects: application of tin leaves by means of an 
adhesive, rubbing of tin powder, coating of the outer layer with clay and tin oxides before 
cooking, and immersion in molten metal.
High-resolution tomographic measurements were performed at the SYRMEP beamline, at the 
Elettra synchrotron facility in Trieste, to better analyse the samples and obtain information on 
the manufacturing technique by examining sub-mm volumes with μm resolution.
A fine morphological characterization of the internal structure of the outer layer of the pottery 
samples was achieved, unveiling the internal structure of the metallic film and showing the 
presence of a double-layer deposition (Fig.1-a). Moreover, we observed the presence of a 40 
μm-wide metal diffusion region (Fig. 1-b and c), just below the outer metallic layers. These 
results are consistent with the technique of wetting by molten metal. We observed these 
typical features in all the studied samples confirming the hypothesis of similar manufacturing 
in the different sites and, finally, suggesting a cultural exchange between them.
Figure 1: (a) Example of a reconstructed slice perpendicular to the outer surface. Within the section indicated by 
the red rectangle we evaluated the intensity histogram shown in (b). (c) Example of the reconstructed volume of 
the same sample. 
[1] R.G. Agostino, A. Taliano Grasso, “Ceramiche di imitazione metallica di produzione italica: prime evidenze”, 
in Atti del Conv. Enotri e Brettii in Magna Grecia, Rende, 11-12 Giugno 2007, in press.; A. Taliano Grasso (a 
cura di), Il parco archeologico di Cariati e Terravecchia, Edizioni TS, Soveria Mannelli, 2005. 
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The Mary Rose, a Tudor ship which sank off the South coast of England in 1545, has been
undergoing conservation in Portsmouth Historic Dockyard since its excavation in 1982. 
Sprayed with polyethylene glycol to replace water in the degraded wood, the ship is now 
being dried under environmentally controlled conditions. Introducing air to the ship for the 
first time has the potential to promote chemical instability due to the oxidation of endogenous 
sulfur species in the wood. These sulfur compounds were incorporated whilst buried under the 
seabed via the interaction of sulfate reducing bacteria with sulfate ions in seawater [1]. Sulfur 
k-edge x-ray absoprtion spectroscopy allows us to determine and quantify what sulfur is now 
present in the wood.  Core samples from the Mary Rose hull before and during drying have 
been analysed with this technique to assess whether problematic sulfates and sulfuric acid are 
being formed and to what depth. Alongside this FT-IR has been used to determine the extent 
of degradation of the wood, as a function of depth into the wood. Whilst the sulfur problem is 
well known for marine waterlogged archaeolgoical wood, this is the first time that the 
evolution of the sulfur has been characterised as a function of drying time. Initial results since 
drying started in April 2013 will be presented here.
[1] Sandström, M., F. Jalilehvand, I. Persson, U. Gelius, P. Frank, and I. Hall-Roth, Deterioration of the 
seventeenth-century warship Vasa by internal formation of sulphuric acid. Nature, 2002. : p. 893-897.
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(2) CIFE Foundation, via G. Colombo 81, 20133, Milan, Italy. 
The accumulation of pollutants in urban environment affects the aesthetics and the durability 
of outdoor cultural heritage. To face this problem, photocatalytic TiO2 nanoparticles have 
been used because of their ability to promote the decomposition of inorganic and organic
polluting agents and make the surfaces “self-cleaning” [1]. This work focuses on the 
evaluation of the effectiveness of TiO2 nanoparticles water dispersions, applied on stones pre-
treated with a consolidation material (tetraethyl orthosilicate-TEOS), in order to prevent the 
penetration of TiO2 nanoparticles in the porous micro-structure of the substrate. TiO2
nanoparticles were synthesized according to the non-aqueous route obtaining pure anatase 
phase nanoparticles with an opportune surface capping, which makes titania dispersible in 
aqueous systems and photoǦactive not only under UV light but also under solar light [2,3]. 
Noto stone and Carrara marble samples were treated with two commercial solvent and
solventless products based on TEOS and two different procedures of application of water 
nano-TiO2 dispersions. The first one consisted in the application of TiO2 dispersions soon 
after the application of TEOS on the still wet stone surface (“wet on wet” technique). In the 
second procedure, the dispersions were applied after the complete hydrolysis and gelation of 
the consolidant (four weeks); in this case, the stone surface is completely dry. In order to 
study the chemical interactions between TEOS and TiO2 nanoparticles, in both different 
conditions, the materials were analyzed by FTIR spectroscopy, Solid-State Nuclear Magnetic 
Resonance (SS_NMR) and X-ray Photoelectron Spectroscopy (XPS).
The SiO2-TiO2 treatments preserved the aesthetic properties of the surfaces and contact-angle 
measurements proved that the coatings slightly influence the wettability of the stone surfaces.
The Rhodamine fading test after ageing in solar box with a Xeno lamp showed that the 
samples treated according to the “wet on wet” technique had higher photocatalytic activity 
than both the other SiO2-TiO2 treatment and the application of only TiO2 nanoparticles, for 
both Noto stone and Carrara marble samples. This improvement has been attributed to the
morphology and the penetration depth of SiO2-TiO2 treatments, assessed by SEM-EDX 
analyses, showing that only following the “wet on wet” technique, the treatment is well 
distributed on the stone surfaces, creating a thick layer of few µm. In conclusion, the presence 
of the consolidant prevents the penetration of the nanoparticles in the substrates, even in Noto 
stone specimens, promoting the photocatalytic properties of the stone specimens. 
[1] X. Chen, S.S. Mao, Chemical Reviews 107 (7), 2007, 2891-2959.
[2] M. Niederberger, M.H. Bartl, G.D. Stucky, Chemistry of Materials 14(10), 2002, 4364-4370.
[3] A. Colombo, F. Tassone, M. Mauri, D. Salerno, J.K. Delaney, M.R. Palmer, R. De La Rie, R. Simonutti., 
RSC Advances (2), 2012, 6628–6636.  
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An increasing number of gel systems are being introduced to the conservation community as a 
means to deliver liquids to the artwork surface during cleaning treatments in a controlled and 
effective manner. No longer relying on gel systems borrowed from external industries, 
conservation scientists have been introducing the cutting edge in soft matter developments from 
rheoreversible gels [1] to interpenetrating networks [2], materials with a variety of characteristic 
rheologies – spreadable, peelable, and rigid [3-5]. A primary concern is the ability to control 
the diffusion of the gelled liquid both laterally and orthogonally so as to affect only the targeted 
area and to limit the deposition of residues from the gel network on the treated artwork [6]. 
Both factors depend on interactions between the gel system and the artwork surface – a topic 
which has largely been unexplored. 
Most gel systems used in conservation treatments are composed of networks of polymers which 
have reactive functional groups and polyelectrolitic character. Due to the dynamic nature of 
soft matter systems, the macromolecules of the gel network will orient themselves at the 
artwork interface to maximise favourable interactions, a process which may aid solubilisation 
or affect the rate of solvent ingress into the artwork surface. Research into nano-confined liquids 
in micelles [7] and some gels [8] has revealed changes in solvation dynamics which may also 
occur at the gel-artwork interface. Our research begins addressing these complex questions in 
an effort to understand the processes taking place during a gel cleaning campaign.  
Comparative studies of bulk diffusion of liquid from gels and free solutions into acrylic paint 
films are being performed using NMR MoUSE spectroscopy. Sum frequency generation 
spectroscopy is being used to investigate the interfacial interactions between surfactant-
containing acrylate films and hydrogels. Initial results show that we are able to probe the surface 
coverage of surfactant on the film and detect its removal by the gel. Preferential alignment of 
the gel polymer at the interface and the presence of ‘ice-like’ (highly ordered) water trapped 
between the gel and the surface have also been observed. By studying effects on the rates of 
liquid diffusion into the bulk paint film as a consequence of changing surface interactions and 
molecular ordering, we can begin to understand the role of the gel network in the solubilisation 
process. Future work will use luminescence studies to probe the polymer network and solvent 
dynamics at the interface. 
[1] E. Carretti et al., Acc. Chem. Res. 43(6), 2010, 751. 
[2] J.A.L. Domingues et al., Langmuir, 29, 2013, 2746.  
[3] R. Wolbers, Cleaning Painted Surfaces: Aqueous Methods; Archetype Publications: London, 2000.  
[4] L.V. Angelova et al., Stud. Conserv, Advance article. DOI:10.1179/2047058413Y.0000000112 
[5] P. Cremonesi, New Insights into the Cleaning of Paintings; SISP: Washington, D.C., 2013, 179. 
[6] V. Dorge, ed., Solvent Gels for the Cleaning of Works of Art, Getty Publications: Los Angeles, 2004. 
[7] M.D. Elola, J. Rodriguez, J. Chem. Phys. 140, 2014, 034702. 
[8] T. Hattori, K. Ishii, T. Tominaga, Y. Osada, T. Tehara, Chem. Phys. 419, 2013, 172. 
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The wall paintings from the chapel of Saint Michael in the Royal Monastery of Saint Mary 
from Pedralbes in Barcelona dating back to 1346 are attributed to the workshop of the Catalan 
master painter Ferrer Bassa [1]. The paintings connect Barcelona with the technical and 
artistic innovations introduced in the Italian cities at the beginning of the 14th century. The 
complete paintings are preserved and despite the long time that has elapsed, appear 
remarkably well conserved, in all probability thanks to their situation in a cloistered 
monastery far from the city centre. Being a master artwork the paintings are a priceless artistic 
and technical chronicle of the period. Painted with al fresco technique and finished al secco, 
one of the characteristics of the paintings is the diversity of binders used including drying oil, 
protein, resins and vegetal gums. The magnificence of the decorations of the architecture, 
textiles and objects thanks to the application of metal foils of tin/silver and gold is 
remarkable. The paintings are made up of a sequence of submillimetric layers (between 10 
and 100 micrometres thick) of a very heterogeneous nature, including the original, reaction, 
aging and alteration substances. Inevitably, the course of the years has produced a series of 
alterations of a varied nature and origin due to the great complexity of the paint layers. 
In this study we investigate some of those alterations such as, the origin of some dark spots 
appearing in various surface areas of the wall paintings. Thanks to IR we have identified 
several bands that relate them to low molecular weight organic salts, such us succinic and 
acetic acids. These substances suggest fungi activity. Fungi are known to segregate organic 
acids of a varied nature and proportion depending on the kind of fungi. Other observations,
such as the presence of cracks and porous on the azurite particles of the pigment present 
which may be related to an acid attack, of carbohydrate from hyphae, as well as, of crystallites 
with a large proportion of calcium oxalates typical of the degradation of organic matter, 
corroborate this hypothesis. After a selective cleaning, the analysis of the residue has shown 
the difficulty to fully eliminate those substances without affecting the painting layers. Another 
alteration studied is the case of metals. Metallic foils, generally silver or tin, are widely used 
in some of the decorations, fixed by some kind of adhesive substance and protected with 
colour resins. All these organic materials age together with the substances product of the 
degradation of the metal. The composition and degradation substances are studied and the 
alteration mechanisms related to those identified in the wood paintings. 
A combination of conventional Optical and Scanning Electron Microscopies with microprobe
high sensitive spectroscopic techniques (Raman, synchrotron μ-XRF and μ-IR) and
synchrotron μ-XRD have been used to discern the nature and distribution of all those
substances in the paint layers. 
[1] http://www.bcn.cat/monestirpedralbes/Murals-sota-la-lupa-Monestir-Pedralbes/en/
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The Assumptions’ Church was constructed in the 14th century in Alaiza (North of Spain) and
it is well known for the Romanic mural paintings that can be found inside. When the rain is 
abundant, the infiltration water gets through the wall causing a high degradation in the 
constituent materials of the wall, as the water probably contains significant concentrations of 
soluble salts. Crystallization of soluble salts on and into the materials is considered one of the 
most destructive damages for Built Heritage and the characterization of these compounds is 
crucial to understand the degradation pathways.  
In the analyses performed in-situ with a DRIFT handheld device (Figure 1) distortions in the 
DR spectra can be observed1. When the analyzed sample contains a compound with a k >>1
the obtained spectra is distorted by the Reststrahlen effect and this happens with most 
inorganic salts containing oxyanions such as carbonates, sulphates or nitrates2. Interpretation
of these distorted spectra one-by-one and peak-by-peak comparing the sample spectra with 
those of standard materials is a tedious methodology that not always gives good results. For 
this reason, this work studies the applicability of PCA and SIMCA chemometric tools for the 
interpretation and classification of the spectra obtained in situ with a DRIFT handheld device.  
Figure 1. DRIFT in-situ analysis. 
[1] I. Arrizabalaga, O. Gomez-Laserna,  J. Aramendia, G. Arana,  J.M. Madariaga. Spectrochimica Acta, Part A: 
Molecular and Biomolecular Spectroscopy 129, (2014), 259-267. 
[2] I. Arrizabalaga, O. Gomez-Laserna,  J. A. Carrero, J. Bustamante, A. Rodriguez,  G. Arana,  J.M. Madariaga. 
Analytical Methods (2014) DOI:10.1039/C4AY02189D. 
The PCA and SIMCA models used for the interpretation of the 
spectra obtained in situ were built using DR spectra obtained in 
the laboratory. Calcium carbonate (CaCO3), potassium nitrate 
(KNO3), calcium sulphate dihydrated (CaSO4 2H2O) and 
potassium sulphate (K2SO4) were identified by the classification 
models.  
The successful results obtained in this work, open a new path for 
the interpretation of the spectra obtained in situ with a DRIFT 
handheld device by means of these chemometric tools. 
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Preliminary practical Scientific Study on Faience Amulets 
excavated from Giza storeroom related to late period and 
stored at grand Egyptian Museum Conservation Center
Israa Mohamed Ibrahim Saied, Nesrien Mohamed Atef 
Kharboosh, Shimyaa Mahmud Omar Soliman and Jasmine 
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P1-2 Potential of SEM-EDX for the analysis and characterization of different material belonging to historic buildings
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Aurelio Bufo and Rocco Laviano
P1-3 Non-destructive testing of stone biodeterioration and biocleaning effectiveness
Sergio Sasso, Ana Zelia Miller, Miguel Angel Rogerio-
Candelera, Beatriz Cubero, Laura Scrano, Sabino Aurelio 
Bufo and Cesareo Saiz-Jimenez
P1-4 SEM-EDX: a powerful analytical method in the service of 
conservation science Farkas Pintér
P1-5 Rotated axial stage tool for documentation of the pharaoh Tutankhamen ´s decorated sticks Eman Nabil, Medhat Abdalla and Ahmed Abdrabou
P1-6 Non-destructive investigation of pigments by Raman 
spectroscopy: the case of “Villa dei Quintili” (Rome, Italy).
Vincenza Crupi, Valentina Allodi, Giuliana Galli, Mauro 
Francesco La Russa, Francesca Longo, Domenico Majolino, 
Gino Mariotto, Barbara Rossi, Silvestro Antonio Ruffolo, 
Valentina Venuti and Antonino Pezzino
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comparison
Jose Santiago Pozo Antonio, Teresa Rivas-Brea, Paula 
Fiorucci, Ana Jesús López-Díaz and Alberto Ramil
P1-9 Evaluation by multispectral techniques of the laser cleaning progress: application to the removal of graffiti in granites.
Jose Santiago Pozo Antonio, Alberto Ramil, Ana Jesús López-
Díaz, Paula Fiorucci and Teresa Rivas
P1-10
The modernistic Nondestructive Analysis and Examinations 
Methods applied on faience Amulets Related to Late Period 
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Israa Saied, Nesrien Mohamed Atef Kharboush Mohamed 
Atef Kharboush, Shimaa Mahmoud Omar Mahmoud Omar 
and Yasunori Matsuda Matsuda
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of its Conservation Center Israa Saied and Yasunori Matsuda Matsuda
P1-12 Macro-XRF for examination of medieval wood panel painting – 
an example of application
Piotr Targowski, Justyna Olszewska-ĝwietlik and Bogumiła J. 
Rouba
P1-13
Analytical characterisation of ZnO Coated Nanoparticles 
Based on Acrylic Copolymer for Protecting Historic Calcareous 
Stone Monuments.
Sayed Ahmed, Nagib Elmarzugi, Hussien Kamal and Wael 
Mohamed
P1-14
Portuguese tin-glazed earthenware from the 17th century: a 
spectroscopic characterization of pigments, glazes and pastes 
of the three main production centres.
Luís Filipe Vieira Ferreira and Isabel Ferreira Machado
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P1-15 Detection and Analysis of the Relics from the Linjiangerdui Zinc Smelting Site in Chongqing, China Wugan Luo, Di Mou, Dadi Li and Jiujiang Bai
P1-16 Analyze the portrait oil on canvas of Coronel Antonio Joaquim de Souza Pinheiro (1838 – 1905) Marli Marcondes and A. Neiva
P1-17 Identification of Official Rhubarb Samples by THz-TDS and Chemometrics Methods
Zhuoyong Zhang, Yi Liao, Zhenwei Zhang, Yuhong Xiang 
and Peter Harrington
P1-18 Deterioration estimation of Artworks by means of a novel 3D-Hyperspectral Imaging System
Vassilis Papadakis, Roger Groves, Vivi Tornari, Cristina 
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Emilio Ribes-Gómez
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P1-20 Non-Destructive Testing in cultural heritage by using Active infrared thermography technology
Dongmei Zhao, Yong Lei, Wanping Jin, Zhenwei Zhang, 
Ningchang Shi, Guan Wang and Cunlin Zhang
P1-21 Terahertz Tomography for Oil Painting Zhenwei Zhang, Yong Lei, Yuanmeng Zhao, Chenyu Li, Ningchang Shi, Zhuoyong Zhang, Cunlin Zhang and An Gu
P1-22 Examination, Conservation and analysis of composed Egyptian Ibis Statue Shimaa Mahmoud and Yasunori Matsuda
P1-23 Analysis of pink discolouration on frescoes from Hurezi Monastery, Romania
Ioana Gomoiu, Dan Mohanu, Ileana Mohanu, Madalin 
Enache, Cristina Serendan and Roxana Cojoc
P1-24 A Study on the Ancient Zinc Smelting Sites in Chongqing, China Birui Xiao and Yin Yin Zhou
P1-25 Comparison of Different Techniques for the Analysis of a Pigment Mixture Renato Pereira Freitas
P1-26 The characterisation of Jawoyn rock art paintings in Arnhem Land, Australia using synchrotron infrared microspectroscopy
Alexandria Hunt, Barbara Stuart, Paul Thomas, Daniel 
James, Bruno David, Jean-Michel Geneste and Jean-
Jacques Delannoy
P1-27 Unveiling Chinese red dyes through the centuries with quadrupole-time-of-flight mass spectrometry Man-Wai Tang and Wing-Fai Lai
P1-28 Comparative use of XRF and micro-XRF for in situ investigation of cultural heritage materials
Claudia Polese, Adolfo Esposito, Marco Ferretti, Astrik 
Gorghinian, Cecilia Bartùli, Dariush Hampai and Sultan 
Dabagov
P1-29 Comparison of different tomographic setups for the 
morphological analysis of ancient violins
Diego Dreossi, Alberto Giordano, Josef Kaiser, Nicola Sodini, 
Franco Zanini and Tomas Zikmund
P1-30 Tin determination in fistulae seals from Conimbriga and Augusta Emerita
Susana Sousa Gomes, Pedro Valério, Maria Fátima Araújo, 
António Monge Soares and Virgílio Hipólito Correia
P1-31 Glass Decorations of the Volga Region of the 10 –15th cc.: the Origin and Chronology Svetlana Valiulina
P1-32
Air pollution impact on Mediterranean architectural heritage 
built in limestone: Constant wavelength synchronous 
fluorescence analysis of PAHs in black crusts
Hicham Hassoun, Salim Foudeil, Taibi Lamhasni, Saadia Ait 
Lyazidi, Mustapha Haddad, Alessandra Bonazza, Nadia 
Ghedini and Cristina Sabbioni
P1-33
Substrate analysis and preservation state assessment of 
Roman mosaic pavements located at the ancient hill of Pnyka 
towards the Acropolis of Athens.
Ekaterini Ftikou, Panagiotis Theodorakeas, Eleni Cheilakou 
and Maria Koui
P1-34 Degradation of Cellulosic Materials by Gamma Radiation Klara Drabkova, Alena Hostasova, Katerina Salkova and Michal Durovic
P1-35 Analytical survey of pigment alteration in paintings by Norwegian artist Edvard Munch (1863-1944) Alyssa Hull and Jin Ferrer
P1-36 Evaluation of portable Raman spectroscopy and handheld X-
ray fluorescence spectroscopy for the analysis of glyptics
Debbie Lauwers, Alessia Coccato, Jose Mirao, Peter 
Vandenabeele and Antonio Candeias
P1-37 Analysis of Roman mural paintings from Germany Rafaela Debastiani, Rolf Simon, Stefan Heißler, Andrea Wähning, Markus Meinen, Peter Henrich and Tilo Baumbach
P1-38
Non-destructive testing to track Cyclododecane Crystallization 
and the Effects of Crystal Formation on Fragile Porous 
Substrates
Nicole Peters, Aaron Shugar, Lucy Skinner and Rebecca 
Ploeger
P1-39 Biocides Based on Nanosilver – Efficiency  and Influence on Silk Marketa Skrdlantova, Klara Drabkova and Jan Krejci
P1-40 Identification of Art Materials by Non-invasive Reflection-FTIR 
– Do We Really Need Specific Databases? Wilfried Vetter and Manfred Schreiner
P1-41
Microscopic techniques (SEM) and analytical approach to 
characterise painting materials and technique of the wooden 
frames in Sicily.
Claudia Pellerito, Rachele Lucido, Mauro Sebastianelli and 
Bartolomeo Megna
P1-42 Microanalysis of a Frank Lloyd Wright historic floor tile from the Graycliff Estate, Derby, N.Y. Rebecca Ploeger, Aaron Shugar and Scott Selin
P1-43
A novel XRF methodology based on the variation of the 
irradiation-detection geometry for the study of an easel 
painting’s stratigraphic distribution of pigments
F. Mederos-Henry, A. Camacho and J.L. Ruvalcaba-Sil
P1-44 29Si and 1H NMR investigation on the interaction between two 
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P1-46 A new approach to the determination of pigments nature María Luisa Franquelo and Jose Luis Perez-Rodriguez
P1-47
The silver and gold coinage in Sicily form the Greek civilization 
to the Norman domination: a nondestructive survey with X-ray 
based techniques at the collection of the “Paolo Orsi” 
Archeological Museum in Syracuse
Roberto Catalano, Rosalba Amato, Claudia Caliri, Gioconda 
Lamagna, Angela Maria Manenti, Andrea Orlando, Lighea 
Pappalardo, Francesca Rizzo, Francesco Paolo Romano, 
Stefania Santangelo and Hellen Cristine Santos
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multi-analytical approach
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Claudio Tuniz and Manuela Montagnari Kokelj
P1-49 THz pulse-echo imaging of Japanese wall painting Kaori Fukunaga, Yohsei Kohdzuma, Masahide Inuzuka and Toru Tateishi
P1-50
Non-destructive compositional investigation of historical 
enamels by combining portable alpha-PIXE and XRF imaging 
techniques
Hellen C. Santos, Claudia Caliri, Roberto Catalano, Giada 
Mascali, Andrea Orlando, Lighea Pappalardo, Francesca 
Rizzo and Francesco P. Romano
P1-51 The effects of firing temperature on the ceramic body 
morphology: experimental study by X-ray ȝCT
Giulia Ricci, Elisabetta Zendri, Laura Falchi, Maria Pia Morigi, 
Eva Peccenini, Rosa Brancaccio and Matteo Bettuzzi
P1-52 Calcium sulphate fillers and binders in 15th and 16th centuries Portuguese ground layers from a familiar painting workshop
Vanessa Antunes, António Candeias, Maria José Oliveira, 
Mercês Lorena, Ana Isabel Seruya, Maria Luísa Carvalho, 
Sréphane Longelin, Luís Dias, João Coroado, Virgínia 
Gomes and Vitor Serrão
P1-53
Diagnosis of modern tracing papers and felt-tip pen inks for 
the conservation of architecture drawings:  Lina Bo Bardi’s 
materials
Antonio Mirabile, Patrizia Moretti, Federica Presciutti, Noemi 
Mancinelli, Laura Cartechini, Antonio Sgamellotti and 
Costanza Miliani
P1-54 A multi-spectroscopic study of German Ceramic sherds Giulia Ricci, Elisabetta Zendri, Eleonora Balliana, Danilo Pedron and Luisa Caneve
P1-55 The use of non invasive micro-Raman, FT-IR and SEM-EDX Analyses to study Armenian illuminated manuscripts Yeghis Keheyan and Pietro Baraldi
P1-56 ATR-FTIR spectroscopy and quantitative multivariate analysis 
of paints and coating materials Signe Vahur, Philippa Hayes and Ivo Leito
P1-57
Diagnostic investigation for the study of the fresco titled 
“Madonna con il bambino”, in Cosenza, southern Italy: a case 
study
Valeria Comite, Cristina Maria Belfiore, Mauro Francesco La 
Russa, Silvestro Antonio Ruffolo and Gino Mirocle Crisci
P1-58 Complete mapping of the tattoos of the 5300 year old Tyrolean Iceman
Marco Samadelli, Albert Zink, Marcello Melis, Matteo Miccoli 
and Eduard Egarter Vigl
P1-59 A scientific and archaeological investigation on Roman glass 
artifacts unearthed in Japan Tomomi Tamura and Katsuhiko Oga
P1-60
Theoretical aspects of physical-chemical parameters for the 
correct conservation of mummies on display in museums and 
preserved in storage rooms
Marco Samadelli, Graziella Roselli, Vito C. Fernicola, Ludwig 
Moroder and Albert Zink
P1-61 Production technology of Hispano-Moresque ceramic tiles belonging to Portuguese and Spanish collections
Susana Coentro, Cátia Relvas, Jaume Coll, José Mirão, 
Teresa Ferreira and Vânia Muralha
P1-62
The discovering of new markers for archaeometric purposes: 
EGA-MS and GC/MS investigation on wood and bark pitch 
replica
Sibilla Orsini, Jeannette Jacqueline Łucejko, Erika Ribechini 
and Maria Perla Colombini
P1-63 Optimization of TXRF for the analysis of paint samples Alessia Coccato, Anastasia Rousaki, Luc Moens and Peter Vandenabeele
P1-64 Geochemical study of Roman glass mosaic tesserae from the 
archaeological site of “Villa dei Quintili” (Rome, Italy)
Donatella Barca, Elena Basso, Danilo Bersani, Giuliana Galli, 
Claudia Invernizzi, Mauro Francesco La Russa, Pier Paolo 
Lottici, Marco Malagodi and Silvestro Antonio Ruffolo
P1-65 Determination of the manufacturing methods of Indian swords through neutron diffraction
Francesco Grazzi, Alessio De Francesco, Elisa Barzagli, 
Antonella Scherillo, Alan Williams, David Edge and Marco 
Zoppi
P1-66 Identification of Gesso Scagliola in The Tomb of the royal family (Muhammad Ali ) at El Imam El Shafie area. Mohamed Hawash and Hala Mahmood
P1-67 Infrared Reflectography imaging for archaeological pottery investigation
Peppino Sapia, Diana Renzelli, Federica Sirianni, Assunta 
Bonanno, Antonino Oliva, Rocco Purri and Gregorio Aversa
P1-68
The archaeological waterlogged wood from the Neolithic 
village of “La Marmotta” (Rome, Italy): a study of lignin 
oxidation by mass spectrometric techniques
Diego Tamburini, Jeannette Jacqueline Łucejko, Erika 
Ribechini and Maria Perla Colombini
P1-69 Gilded copper studied by non-destructive Energy-dispersive X-
ray fluorescence
Roberto Cesareo, Angel Bustamante, Julio Fabian, Sandra 
Zambrano Alva, Regulo Franco Jordan, Arabel Fernandez 
and Stefano Ridolfi
P1-70 Spherical scanning system for Infrared Reflectography Marco Gargano, Duilio Bertani, Francesco Cavaliere, Nicola Ludwig and Daniele Viganò
P1-71 Stability of synthetic ultramarine blue pigment in modern paints: Influence of UV light Valentina Pintus and Manfred Schreiner
P1-72 Examination, Conservation and analysis of composed Egyptian Ibis Statue Shimaa Omar and Yasunori Matsuda
P1-73 THz spectra of seven red mineral pigments used in ancient Chinese artworks Yuping Yang, Zhenwei Zhang and Cunlin Zhang
P1-74
Non-Invasive Archeological Prospecting Using Ground 
Penetrating Radar (GPR) in Cerro del Teúl and Tamtoc, 
Mexico
Becket Lailson, Karla Castro, Nicolás Caretta, Peter Jiménez, 
Laura Solar and Estela Martínez
P1-75 Pigment Characterization Using SEM and EDS on Pseudo-Cloisonné Ceramics from Western and North-Central Mexico
Karla Castro, Becket Lailson, Gerardo Villa, Guillermo 
Córdova and Ana Pelz
P1-76 Spectroscopic investigation of Phtalocyanines by time 
resolved LIF and XRF analysis.
Cristina Cicero, Marco Marinelli, Massimo Marinelli, Fulvio 
Mercuri, Noemi Orazi, Stefano Paoloni, Martina Romani, 
Gianluca Verona Rinati and Ugo Zammit
P1-77 Hyperspectral imagers for cultural heritage: a comparative 
study between remote-sensing and short-distance devices
Costanza Cucci, Andrea Casini, Lorenzo Stefani, Marcello 
Picollo, Leandro Chiarantini, Barbara Sereni, Francesco 
Butera, Carlo Bencini, Nicola Alessi and Alberto Melani
P1-78
Non-destructive investigation of pigments in painted terracotta 
of architectural buildings and votive figurines manufactured in 
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Andrea Orlando, Claudia Caliri, Roberto Catalano, Gioconda 
Lamagna, Angela Maria Manenti, Giuseppina Monterosso, 
Giada Mascali, Agostina Musumeci, Lighea Pappalardo, 
Francesca Rizzo, Francesco Paolo Romano and Hellen C. 
Santos
P1-79 A multi-analytical approach to study foxed papers from the XVIII and XX centuries
Cátia Relvas, Margarida Nunes, Marta Manso, Pedro 
Barrulas, Catarina Miguel, Maria Luísa Carvalho, Ana Teresa 
Caldeira, Francisca Figueira and Teresa Ferreira
P1-80 Study of cellulose acetate photographic negatives Cátia Coelho, Cátia Relvas, Ana Teresa Caldeira and Teresa Ferreira
P1-81 SEM-EDX analysis of transferred wall painting to determine 
original painting technique Núria Oriols Pladevall, Johann Osmond and Paz Marqués
P1-82 Solid state NMR analysis of bio-materials used for renovation 
of historic buildings: the study of hemp mortars
Anna Arizzi, Donatella Capitani, Valeria Di Tullio and Noemi 
Proietti
P1-83 Micro-Raman on flax fibers: ageing fingerprints in spectra Letizia Bonizzoni, Silvia Bruni, Giulio Fanti, Paolo Tiberio and Chiara Zaffino
P1-84 Compositional study and provenance of Dressel 2-4 amphorae 
and ceramic materials from Cariati (Calabria - Southern Italy)
Domenico Miriello, Andrea Bloise, Raffaella De Luca, 
Carmine Apollaro, Gino Mirocle Crisci, Salvatore Medaglia 
and Armando Taliano Grasso
P1-85 Investigation on the effect of Ȗ-radiation on the stability of 
watercolor paintings
Alena Hostašová, Klára Drábková, Petra ýadková and Michal 
Ćuroviþ
P1-86 Non-destructive investigation  of historical precious metals 
coins Grigoriy Shuvalov, Ekaterina Nistratova and Vladimir Buzin
P1-87
A multi-analytical approach applied to the archaeometric study 
of mortars taken from The Forty Martyrs rupestrian complex in 
Cappadocia (Turkey)
Natalia Rovella, Mauro Francesco La Russa, Silvestro 
Antonio Ruffolo, Claudia Pelosi, Daniele Rossi, Michele 
Benucci, Giuseppe Romagnoli, Valentina Emanuela Selva 
Bonino and Antonella Casoli
P1-88 Applications of Fourier-Transform Infra-Red Spectroscopy to Archaeological Research
Luca Benedetti, Angela Berloffa, Davide Bottone, Gloria 
Ischia, Camilla Saler and Stefano Gialanella
P1-89 Gellan hydrogel as a diagnostic and cleaning tool for paper 
artworks: a case study
Laura Micheli, Claudia Mazzuca, Eleonora Cervelli, Raffaella 
Lettieri, Elisa Bartolini, Giuseppe Palleschi and Antonio 
Palleschi
P1-90 Vibrational spectroscopy and chemometrics for the non-invasive discrimination of azo pigments and metal complexes
Francesca Gabrieli, Manuela Vagnini, Brenda Doherty, 
Brunetto G. Brunetti and Costanza Miliani
P1-91 Non-destructive XPS surface analysis in cultural heritage – 
surface composition of ancient brass instruments
Federica Cocco, Marzia Fantauzzi, Bernhard Elsener and 
Antonella Rossi
P1-92 Investigation on consolidation materials for paint on iron Gunn Pöllnitz, Rita Wiesinger and Manfred Schreiner
P1-93 A multi-analytical  study of  an ancient nubian detached mural painting
Valeria Di Tullio, Noemi Proietti, Donatella Capitani, Federica 
Presciutti, Gennaro Gentile and Brunetto Giovanni Brunetti
P1-94 Multiscale porosimetric description of pore network in building 
stones
Valeria Di Tullio, Germana Barone, Donatella Capitani, 
Noemi Proietti, Paolo Mazzoleni, Simona Raneri and 
Alessandro Giuffrida
P1-95 Diffusion and exploitation of artistic and cultural properties 
using the new geomatics technologies. Vincenzo Barrile, Giuseppe Meduri and Antonino Nunnari
P1-96 Palimpsest manufacture: effects on the ink fingerprint. Ira Rabin, Zina Cohen, Emanuel Kindzorra, Leif Glaser, Tomasz Lojewski and Oliver Hahn
P1-97 Rubia tinctorum L. compounds involved in dyeing processes Ilaria Serafini, Marcella Guiso, Ulderico Santamaria and Armandodoriano Bianco
P1-98 Analysis  of  gold  objects  from  the  archaeological  museum 
of  Taranto  by  energy-dispersive x-ray fluorescence
Roberto Cesareo, Giovanni Buccolieri, Alfredo Castellano 
and Antonietta Dell'Aglio
P1-99 Portable Raman Spectroscopy for the Evaluation of Parchment Degradation Federica Cappa and Manfred Schreiner
P1-100
SEM-EDS, XRD and Raman spectroscopy applied to the 
characterization of black crust formation on sandstone from La 
Galea Fortress
Hector Morillas, Iker Marcaida, Maite Maguregui, Iker 
Arrizabalaga and Juan Manuel Madariaga
P1-101 TXRF and ion beam analysis of old coins and metallized fabric Vladimir Egorov, Evgeniy Egorov, Alexey Osipkov and V. Bashkov
P1-102 THz time-domain and infrared spectroscopy investigating the drawing media
Jordanka Tasseva, Jana Striova, Cristiano Riminesi, 
Raffaella Fontana, Paolo Bartolini, Andrea Taschin, Marco 
Barucci and Renato Torre
P1-103 The use of handheld XRF for pigment analysis in complex paint structures - benefits of an interdisciplinary exchange Susanne Kaun and Hanne Moltubakken Kempton
P1-104 Inverse Calibration Free-LIBS of bronze artefacts of the “Torre di Satriano” archaeological site
Antonella Smaldone, Angela De Bonis, Massimo Osanna, 
Antonio Santagata, Barbara Serio and Roberto Teghil
P1-105 The use of Neolithic flint-stone fragments as fire strikers: 
analytical evidences
Tiziana Lombardo, 9HUD+XEHUWMarie Wörle, Anna 
Kienholz and Daniel Grolimund
P1-106
Synchrotron radiation based X-ray absorption and X-ray 
fluorescence for art and cultural heritage: opportunities and 
pitfalls
Josef Hormes
P1-107
Durability and impermeability investigations in historic mortars 
and plasters from Late Mughal period site of Begumpura, 
Lahore
Saima Gulzar and Jean-Pierre Burg
P1-108 Analysis of Sicilian Amber by 13C Solid state NMR and Raman Spectroscopy
Noemi Proietti, Germana Barone, Donatella Capitani, Valeria 
Di Tullio and Paolo Mazzoleni
P1-109 Induced luminescence imaging: a user-friendly method based 
on a system of interchangeable and tunable LED light sources
Alessia Daveri, Francesca Nucera, Michela Azzarelli, 
Manuela Vagnini, Aldo Romani and Catia Clementi
P1-110
The sgraffito ware from Nishapur (Iran): reconstructing the 
materials and technology through a multi-methodological 
study.
Elena Basso and Martina Rugiadi
P1-111 Evaluation of changes in the lipidic mass spectra profile of paint dosimeters by MALDI-TOF-MS Agustín Herrera, Natalia Navas and Carolina Cardell
P1-112 Ion beam analysis of silver foils in gilt-leather wall coverings
Marie Radepont, Laurianne Robinet, Quentin Lemasson, 
Brice Moignard, Laurent Pichon, Claire Pacheco and Céline 
Bonnot-Diconne
P1-113 Using infrared data and chemometrics for the characterization 
of binding media in oil paintings Marta Felix Campos, Maria João Melo and João Lopes
P1-114 Comparative analysis of Mesopotamian pottery using several instrumental techniques: XRF, ICP-MS and INAA
Jorge Sanjurjo Sánchez, Juan Luis Montero Fenollós, Maria 
Isabel Prudêncio, Rosa Marques and Maria Isabel Dias
P1-115 Estimating the temperature attained by fire on stone surfaces: Ciudad de Vascos (Spain)
Jorge Sanjurjo Sánchez, Miguel Gómez-Heras, Rafael Fort, 
Mónica Álvarez de Buergo, Ricardo Izquierdo Benito and 
Miguel Bru
P1-116
Environmental effects on monuments  exposed in the 
Panamanian Climate:  the Archaeological Site of Panamá 
Viejo
Chiara Ciantelli, Alessandra Bonazza, Yumo Ma, Paola De 
Nuntiis, Carmela Vaccaro and Cristina Sabbioni
P1-117 Oxidized groups kinetics in ancient paper: a non-destructive UV/Vis spectroscopic study
Adriano Mosca Conte, Olivia Pulci, Joanna Lojewska, Jacek 
Bagniuk, Ihor Kupchak, Claudia Violante, Lorenzo Teodonio 
and Mauro Missori
P1-118
Investigation of biological fungicidal activity of some essential 
oils as preservatives for 19th- century Egyptian Coptic 
Cellulosic Manuscript
Eman Osman, Wafika Noshy and Maisa Mansour
P1-119
Technical and material characterization of the first known 
mural paintings of Saint Ignatius of Loyola life in the town of 
Évora (Southern Portugal)
Milene Gil, António Candeias and Luisa Carvalho
P1-120 Black crust removal from the ancient jamb of the entrance gate of Castello Svevo, Bari, Italy, by laser cleaning Giorgio Senesi, Ida Carrara and Olga De Pascale
P1-121 Sulfur X-ray Absorption Spectroscopy of Lapis Lazuli: Implications for Provenance
Alessa A. Gambardella, Catherine M. Schmidt Patterson and 
Marc S. Walton
P1-122
Initial Multispectral Imaging and FORS Analyses of Louise 
Herreshoff’s Paintings: Bringing Imaging Methodologies to 
Undergraduate Research and Teaching
Kathryn Dooley, John Delaney, Erich Uffelman, Patricia 
Hobbs, Jennifer Mass, Adam Finnefrock, Samuel Florescu, 
Alexandria Garcia, Mallory Stephenson, Brett Becker and 
Eleni Timas
P1-123 Characterization of polychrome baroque sculptures using XRF, SEM-EDS, Raman and FTIR Iohanna Ribeiro and Renato Freitas
P1-124 Analysis of Lead Coffin and contaminated bones belonging to D.Pedro I Emperor of Brazil using EDXRF technique
Jessica Curado, Márcia Rizzutto, Pedro Campos, Elizabeth 
Kajiya and Valdirene Ambiel
P1-125
Analysis of olive jars from a shipwreck of a Portuguese galleon 
(XVII century) and fragments found in archaeological 
excavations in Rio de Janeiro, Brazil
Cristiane Calza, Renato Pereira Freitas, Danielle Carvalho, 
Maria Dulce Gaspar and Ricardo Tadeu Lopes
P1-126 Archaeometric Analyses on Glass Tesserae form the Imperial Roman ‘Villa degli Antonini’ in the Alban Hills
Deborah Chatr Aryamontri, Greg Pope, Laying Wu and 
Nicholas Zarro
P1-127 Analysis of the gala carriage of the Brazilian Emperor D. Pedro II using various techniques
Cristiane Calza, Renato Pereira Freitas, Inayá Lima, 
Alessandra Castro Machado, Henrique Rocha, Eliane 
Zanatta and Ricardo Tadeu Lopes
P1-128 Hybrid-angle-energy dispersive X-ray diffraction and fluorescence portable system for non-invasive study Ariadna Mendoza Cuevas and Jorge Fernandez-De-Cossio
P1-129 In-situ Micro-Raman spectroscopic analysis of Handprints in Maltravieso Cave (Cáceres), Spain
Sagrario Martínez-Ramírez, Diego A. Moreno, Ana M. 
García, Juan Carlos Aguilar and Hipólito Collado
P1-130 A multi-disciplinary investigation of the “Tavolette fuori posto” 
of the main hall wooden ceiling of the “Steri” (Palermo, Italy)
Maria Luisa Saladino, Stefano Ridolfi, Ilaria Carocci, Gabriella 
Chirco, Stefania Caramanna and Eugenio Caponetti
P1-131 XRD and SEM/EDS analysis of Palaeolithic ochre fragments from Fumane Cave (Italy)
Giovanni Cavallo, Federica Gonzato, Marco Peresani, 
Mariapia Riccardi and Roberto Zorzin
P1-132 Decolourizaton of fungal stains on cotton: influence on properties
Katja Kavkler, Polona Zalar, ýrtomir Tavzes and Petra 
Bešlagiü
P1-133 Chemical composition of the fragment of Islamic enamel glass 
vessel 13th centuries
Rezida Khramchenkova, Airat Gubaidullin, Ilvina Safina and 
Evgeny Nuzdin
P1-134 Image processing of the pozzolanic reactions in the Roman 
mortars via X-Ray Map Analyser
Cristina Maria Belfiore, Giusy Valentina Fichera, Gaetano 
Ortolano, Antonino Pezzino and Luigi Zappalà
P1-135 Characterization and conservation of a four Gospel book in 
arabic and latin
Stella Bastone, Maria Luisa Saladino, Delia Chillura Martino, 
Mauro Pellerito, Rosa Adelfio, Rosalia Claudia Giordano and 
Eugenio Caponetti
P1-136 Conservation of Contemporary Art: a multianalytical investigation on Nunzio Di Stefano artwork
Luca Nodari, Arianna Gambirasi, Maria Katia Tufano and 
Patrizia Tomasin
P1-137 Non-destructive EDXRF analyses of oil paintings by Antonio Parreiras – a Brazilian artist
Hellen C. Santos, Suene Bernardes, Marcia A. Rizzutto, 
Jessica F. Curado, Pedro H.O.V. Campos, Elizabeth A.M. 
Kajiya, Valeria Mendonça and Tatiana Russo
P1-138 Advanced solid state NMR techniques for the characterization 
of a waterlogged wood
Alberto Spinella, Stella Bastone, Francesco Armetta, 
Donatella Capitani and Eugenio Caponetti
P1-139
X-ray microanalysis for the Carovigno stone (Southern- Italy): 
minero-petrographic characterization and decay description 
after experimental artificial ageing tests
Giovanna Fioretti, Pasquale Acquafredda and Andriani 
Gioacchino Francesco
P1-140 Chemical imaging of painting thin-sections by micro infrared 
spectroscopy in transﬂection-mode
Francesca Rosi, Francesca Gabrieli, Laura Cartechini, Lisa 
Vaccari and Costanza Miliani
P1-141 Evaluation of a FTIR data pretreatment method for PCA 
applied to archaeological ceramics
Laura Medeghini, Silvano Mignardi, Caterina De Vito and 
Aida Maria Conte
P1-142
Micro-analytical techniques for studying the constitutive 
materials and the state of conservation of an ancient Tapa 
painting cloth from Polinesia, is. Wallis
Enrico Greco, Valeria Di Tullio, Donatella Capitani, Noemi 
Proietti, Enrico Ciliberto and Luciana Rossi
P1-143 MA-XRF scanning of illuminated manuscript fragments: potentialities and challenges
Paola Ricciardi, Stijn Legrand, Giulia Bertolotti and Koen 
Janssens
P1-144 Physical properties of cellulose fibers in ancient paper: towards novel diagnostic tools
Francesco Valle, Lorenzo Teodonio, Joanna Lojewska and 
Mauro Missori
P1-145 The newly discovered 18th century frescoes in Aci Sant’Antonio (Sicily) Antonino Cosentino, Milene Gil and Samantha Stout
P1-146 Analyses of pigments, paints and inks from Silk Road sites Renate Noeller and Oliver Hahn
P1-147 Research of Gothic Panel Paintings of the Main Altar at the Church St. Jacob in Levoca
Jana Zelinska, Ivana Kopecka, Eva Svobodova and Vratislav 
Hurai
P1-148
Multi-analytical chemical characterization of blank tempera 
paint mock-ups as a tool to investigate the impact of 
atmospheric and marine aerosols
Carolina Cardell, Teresa Rivas, Agustín Herrera, Diana 
Barral, I Guerra and Natalia Navas
P1-149
Non-destructive multi-analytical method to perform a global 
assessment of the conservation state of weathering steel 
sculptures
Julene Aramendia Gutierrez, Leticia Gomez-Nubla, Kepa 
Castro, Ludovic Bellot-Gurlet and Juan Manuel Madariaga
P1-150 Laser cleaning of fossilised bones
Georgios Panagiaris, Nikolaos-Alexios Stefanis, Alexandra 
Alexandropoulou, Yorgos Fakorellis, Stamatios Boyatzis, 
Kristalia Melessanaki and Paraskevi Pouli
P1-151
Brass instruments of the 19th and early 20th centuries 
between long-term conservation and use in historically 
informed performance practice
Tiziana Lombardo, Marion Alter, Emilie Cornet, Martin 
Lederberger, Florian Kergourlay, Marie Wörle, Bernhard 
Elsener, Federica Cocco, Marzia Fantauzzi, Antonella Rossi, 
Eberhard Lehmann, David Mannes, Daniel Allenbach, Martin 
Mürner, Adrian von Steiger and Martin Skamletz
P1-152 Spectrometric analysis applied to the study of damage layers 
on carbonate stone surfaces
Valeria Comite, Donatella Barca, Cristina Maria Belfiore, 
Alessandra Bonazza, Mauro Francesco La Russa, Silvestro 
Antonio Ruffolo, Cristina Sabbioni, Gino Mirocle Crisci and 
Antonino Pezzino
P1-153 Studying pigments via portable FTIR Laura Rampazzi, Cristina Corti, Antonio Sansonetti, Alessandra Botteon and Diego Sali
P1-154
Combined use of the PIXE-alpha and XRF portable systems 
for the non-destructive and in-situ compositional study of large 
bronze statuary of presumed Roman period
Lighea Pappalardo, Francesco Paolo Romano and Stefania 
Pafumi
P1-155 The golds of Himera: a preliminary non-invasive 
archaeometric study of phiale aurea
Maria Francesca Alberghina, Maria Brai, Dorotea Fontana, 
Maria Rosa Panzica, Salvatore Schiavone, Luigi Tranchina 
and Agata Villa
P1-156 Spectroscopic analysis of decorated vestiges found in the Roman Theatre of Medellín, Badajoz, Spain.
Maria J. Nuevo, Alejandro Martin Sanchez, Miguel A. Ojeda 
and Santiago Guerra Millán
P1-157 X-Ray Fluorescence of Historical Written Manuscripts Bernadette Frühmann and Manfred Schreiner
P1-158 Combined vibrational and chromatographic study of historical lakes and dyes
Francesca Gabrieli, Daniele Uldanck, Ilaria Bonaduce, Ezio 
Buzzegoli, Ilaria Degano, Diane Kunzelman, Costanza 
Miliani, Francesca Modugno and Francesca Rosi
P1-159 Combined X-Ray diffraction and fluorescence analysis in the 
cultural heritage field
Luca Lutterotti, Federica Dell'Amore, Diego E. Angelucci and 
Stefano Gialanella
P1-160
Provenance studies on early gold of bronze ages using lead 
isotope ratios (fs-LA-ICP-MCMS) and trace element 
fingerprints (ns-LA-ICP-QMS)
Robert Lehmann and Ingo Horn
P1-161
A new method for the automatic determination of shrinkage 
activity of historical collagen-based materials by thermal 
microscopy and image processing techniques
Elena Badea, Oana Andreea Miu and Cristina Carsote
P1-162 In situ EDXRF-Raman analyses for archaelogical ceramic 
classification
Anna Galli, Letizia Bonizzoni, Roberto Alberti, Luca Bombelli, 
Tommaso Frizzi, Michele Gironda and Marco Martini
P1-163 A physicochemical approach to the investigation of the 
condition of oil paintings on paper supports
Athina Alexopoulou, Brian Singer, Penelope Banou, Spyros 
Zervos, Agathi Kaminari, Anna Moutsatsou, Agni Terlixi, Eleni 
Tziamourani, Athanasios Karabotsos and Michalis 
Doulgeridis
P1-164
Multianalytical approach for studying a set of handmade paper 
documents manufactured  in the 13th-15th centuries in 
Fabriano-Camerino area
Noemi Proietti, Donatella Capitani, Valeria Di Tullio, Claudio 
Pettinari, Graziella Roselli and Sandra Pucciarelli
P1-165 The use of several XRF modalities to investigation of paintings: the case study on the Late Gothic panel painting
Hana Bártová, Tomáš Trojek, Tomáš ýechák, Radka ŠefcĤ 
and ŠtČpánka Chlumská
P1-166 Study on degradation of Alizarin Carmine by vibrational 
spectroscopy Lea Legan, Klara Retko and Polonca Ropret
P1-167 Amphibolite; tools, slabs and outcrops. A preliminary study of provenances using micro-X ray diffraction
Patricia Moita, José Mirão, Cátia Prazeres and Rui 
Boaventura
P1-168 Integrating optical imaging and digital processing for 
nondestructive diagnosis of artifacts
Elena Console, Anna Tonazzini, Emanuele Salerno, 
Pasquale Savino and Fabio Bruno
P1-169 Catacombs of San Gennaro: multi analytical investigation of decorated plasters
Romana Albini, Valeria Ciao, Vincenza Crupi, Mauro 
Francesco La Russa, Francesca Longo, Andrea Macchia, 
Domenico Majolino, Barbara Rossi, Silvestro Antonio Ruffolo, 
Antonino Pezzino and Valentina Venuti
P1-170 Transdisciplinary Indexing of Cultural-Historical Collections Sonja Krug and Oliver Hahn
P1-171 Investigation of hand-colored photographs by 2D and 3D XRFA and microXRFA
Tomáš ýechák, Ivana Kopecká, Tomáš Trojek, Tomáš 
Štanzel, Radek Prokeš and Hana Bártová
P1-172 Spectrophotometry, hyperspectral imaging and  profilometry database of blank tempera paint mock-ups
Teresa Rivas, Agustín Herrera, Diana Barral, Isabel Guerra, 
Natalia Navas, Santiago Pozo and Carolina Cardell
P1-173 Damage of tempera paint mock-ups under conditions  
simulating salt fog weathering aerosols Teresa Rivas, Diana Barral and Carolina Cardell
P1-174 Analysis of the conservation status of the wooden church from the Ioneútii Govorii village – Romania
Ileana Mohanu, Dan Mohanu, Ioana Gomoiu, Olimpia-
Hinamatsuri Barbu, Roxana-Magdalena Fechet, Nicoleta 
Vlad, Georgeta Voicu and Roxana Truúcă
P1-175 A multi-analytical database for lapis lazuli provenance
Alessandro Lo Giudice, Debora Angelici, Alessandro Borghi, 
Silvia Calusi, Roberto Cossio, Caroline Czelusniak, Gianluca 
Gariani, Nicla Gelli, Lorenzo Giuntini, Leonardo La Torre, 
Mirko Massi, Giovanni Pratesi, Alessandro Re, Valentino 
Rigato and Gloria Vaggelli
P1-176
Analysis of the degradation of the soapstone Prophets of the 
Basilica Bom Jesus de Matosinhos, Congonhas, Minas 
Gerais, Brazil
Silvia Vicini, André Andrade, Glaura G. Silva, Isolda C. 
Mendes, Karla Balzuweit and Luiz Antonio C. Souza
P1-177 The painted medieval ceiling from Palazzo Chiaramonte, Palermo Italy Bartolomeo Megna, Fabio D'Agostino and Giovanni Rizzo
P1-178
Scientific studies for the restoration of a wood painting of the 
Galleria Interdisciplinare Regionale della Sicilia- Palazzo Mirto 
di Palermo
Claudia Pellerito, Mauro Sebastianelli and Agata Evelina Di 
Marco
P1-179 Experimental synthesis of Central European Historical glass: 
refinement and validation of medieval glassmaking recipes
Stefano Barenghi, Joost Caen, Olivier Schalm, Gert Nuyts, 
Kevin Hellemans, Simone Cagno and Koen Janssens
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Israa Mohamed Ibrahim Saied (1) *, Nesrien Mohamed atef kharboosh (1), shimyaa 
Mahmud Omar soliman(1) jasmine shabban abs el Aziz (1)
(1) Grand Egyptian Museum Conservation Center, Inorganic Artifacts laboratory 
* Corresponding author: germen_khattab@yahoo.com
The aim of this paper is to presents preliminary practical scientific study on a faience amulets 
related to late period from Giza storeroom as a shape of women face. The current location is  
inorganic storeroom at grand Egyptian museum Conservation center. It is obvious from visual  
examination and photography,  scanner imaging, optical  imaging  microscope , ultra violet 
imaging, infrared imaging the presence of deep cracks, missing parts, loss of coherence of 
color, loss of glazing layer in addition to microbiological  analysis  the  result came out to  
become  negative.  
Therefore the compound of the amulets were explored by using x-ray diffraction analysis  
which  provided much valuable information on the conservation process  which could be used 
not only to  give better interpretation  to the results already obtained  but  also for any further  
investigation  undertaken  for this amulets excavated from those sites (Giza storeroom ). Also, 
using x-ray fluorescence portable device to recognition the internals  elements  of amulets 
components and the next  phases will be mechanical cleaning, chemical cleaning, 
consolidation and take some examples of various amulets related to several periods.
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Chemical and biological agents are responsible of our cultural heritage deterioration. Before 
the intervention it is necessary to know very well the causes of decay. After a visual 
examination now it is possible to use nondestructive techniques of diagnosis, which can 
indicate very well the surface status of monuments, historical buildings,  or other artworks,
and offer very useful complementary data for the restoration interventions.
Scanning electron microscopy (SEM) has been extensively used for the material 
characterization of objects of artistic and archaeological importance, especially in 
combination with energy dispersive X-ray microanalysis (SEM/EDX) examines a sample 
surface with a finely focused electron beam. The electron bombardment leads to the emission 
of secondary electrons, to backscattering of high energy primary electrons and creation of 
element specific X-rays. The low energy secondary electrons originates from the top 
nanometers of the sample.  
The corresponding images clarify the distribution of different materials (Z-contrast images). 
In this mode, the information depth is in the range of 1 µm. A big advantage of SEM 
compared with optical microscopy besides high magnitudes is the depth of focus. With SEM 
a particular surface can be inspected using angled view while the surface is in focus. EDX (or 
EDS) analysis coupled with SEM provides elemental analysis on an area as small as 
nanometers in diameter. The impact of the electron beam on the sample produces X-rays that 
are characteristic of the elements found on the sample. The measured intensities yield 
quantitative information on the element composition and distribution. The depth from where 
the X-rays originate depends on the material and the used primary electron energy. 
In this paper, the current possibilities and future potential of SEM-EDX for the analysis and 
characterization of different material belonging to historic buildings have been illustrated with 
a number of selected examples (Château d'If,  Metapontum tombs, Bagnoli Thermae) having 
the aim to answer one or more questions derived from human history or the history of art. 
This research confirmed the versatility of these techniques and the importance to preserve the 
cultural heritage as complex reality, fruit of manifold exchanges between cultures and 
civilizations. 
FW: Material characterization, Cultural heritage, SEM-EDX. 
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Microorganisms (bacteria, green algae and fungi) may lead to complex problems in the 
conservation of cultural heritage assets due to their biodeteriorative potential. The 
biodeterioration phenomena observed on materials of cultural heritage is determined by 
several factors, such as climatic conditions, chemical composition and nature of the material 
itself, as well as biological colonizers. The combination of several non-destructive techniques 
is compulsory in the field of cultural heritage in order to develop and design new and 
effective conservation strategies to prevent, control and minimize the causes of decay. For 
instance, Confocal Laser Scanning Microscopy (CLSM) permits to detect the presence, the 
penetration depth and the spatial organization of different phototrophic microorganisms 
established on stone surfaces, as well as Digital Image Analysis allows quantifying the 
surface area covered by microorganisms without destroying the sample.  In this study, these 
non-destructive instrumental analyses, together with in vitro chlorophyll a quantification, 
were applied in order to evaluate a new procedure of stone cleaning consisting of the 
application of secondary metabolites with biocide properties. Three different natural biocides 
were tested on Hontoria limestone samples, a biosparitic limestone used in many Spanish 
monuments, previously inoculated with a multi-species phototrophic culture. After 1 month of 
biofilm growth on Hontoria limestone samples, the following biocides were applied:  
- culture filtrates of the fungus Trichoderma harzianum T-22 strain,
- culture filtrates of the bacterium Burkholderia gladioli pv. agaricicola ICMP (Bga) 11096 
strain, 
- glycoalkaloids (GLAs) extract from unripe berries of Solanum nigrum. 
After one month of incubation, CLSM revealed that none of the treatments was efficient 
against all inoculated phototrophic species, probably due to different biocide resistance. This 
was also corroborated by spectrophotometric determination of chlorophyll a and digital image 
analysis. Among all treatments, the culture filtrates of T.harzianum and the GLAs’ extract 
showed higher biocidal efficiency than the Bga culture filtrate.
It seems evident that non-destructive analysis and ecological cleaning methods can represent a 
innovative strategy for the protection of our stone cultural heritage. Further work on the 
biocidal effectiveness and durability of secondary metabolites in the medium and long-term is 
needed for the design of effective and sustainable treatments for minimizing or eradicate stone 
biodeterioration. 
KW: Cultural Heritage, Biocleaning, Secondary metabolites, CLSM, Digital Image Analysis, 
chlorophyll a 
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SEM-EDX: a powerful analytical method in the service     
of conservation science 
Farkas Pintér 
Scientific Laboratory, Federal Office for Protection of Monuments, Arsenal 15/4, 1030 Vienna, Austria 
 
Besides optical microscopy, SEM-EDX is one of the most commonly used analytical methods 
in conservation science. The main benefit of this technique lays in the simultaneous 
investigation possibilities on the chemical composition and the microstructure-texture of 
different materials. This advantage is crucial, because only the combined knowledge of 
chemical composition and the spatial distribution of components may lead to the better 
understanding of the nature and behavior of historic materials. The present contribution deals 
with examples from the everyday practice and research of a scientific laboratory in the field of 
conservation science.  
In the first part a case study will be introduced dealing with the restoration of a Baroque 
limestone sculpture from Styria. The aim of the investigation was to clear the reason of bad 
adhesion and loss of lime wash paints on the surface. Qualitative SEM-EDX analyses 
completed with element mapping on polished sections proved the presence of a several 
microns thick Si-rich layer (Fig. 1), referred to the use of a water repellent agent, probably of 
silicone basis, which has been applied during the last course of conservation and prevented 
the adsorption of moisture and thus the full carbonation of the paint layers. 
The second part presents the quantitative analytical possibilities of energy dispersive X-ray 
spectroscopy by way of examples of 19th century Roman and Portland cement mortars and 
concretes [1]. The use of atomic ratio plots of chemical data (Fig. 2) obtained on historic 
hydraulic binders brings valuable information about the complex nature, development and 
alteration of this kind of cements. Sample preparation, the use of external standards and the 
setting of analytical system, which are the most critical points of obtaining accurate 
quantitative analyses, will also be discussed. 
 
 
Fig. 1: Si-rich coating (red) between lime wash layers (SEM-BSD)    Fig. 2: Atomic ratio plot of a 19th century Roman cement mortar 

[1] F. Pintér, I. Vidovszky, J. Weber, K. Bayer. Mineralogical and microstructural characteristics of historic 
Roman cement renders from Budapest, Hungary, Journal of Cultural Heritage 15(3), 2014, 219-226. 

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Rotated axial stage tool for documentation of the pharaoh 
Tutankhamen ´s decorated sticks 
Eman nabil, Medhat Abdallah , Ahmed Abdrabou*
Grand Egyptian Museum – Conservation Center, Giza, Egypt.
Anew technique was used for documenting Tutankhamen’s decorated sticks by rotated axial 
stage. These sticks were discovered in Tutankhamen's tomb in the Valley of Kings in 1922 
and are made of wood and covered with different decorations varied from part to another part 
including geometrical patterns, king's cartouches and Captive figures. This study aims to use a
new technique designed specifically to unfold the cylindrical decorations of the sticks to 
obtain a complete image and drawing for these decorations.  
The rotated axial stage consists of three parts (base-two carriers - rotating meter), the base is 
wooden rectangular section. The two carriers are made of Plexi glass, each carrier is equipped 
with foam padded jack provided with metal lock which allows the movement in different 
directions to steady the rotating of the sticks. the two carriers can be moved according to the 
length of the sticks. The rotating meter is constructed of 3 halved hinged metal rings 
connectedt by two metal bars ,it can be easily be opened and closed during p hotograph by 
using leather belt provided with snap button  . The rings are internally padded with foam and 
strips of tissue paper for further protection to the stick. The rotating meter divided into 8 
angles to rotate the sticks 45° per rotation. Photography by multi spectral imaging (VIS –IRR-
UVF photography) using rotated axial stage and adope Photoshop and 2D Programs were 
used in this study.  
Results proved that the use of rotated axial stage facilities the rotation of the sticks, 
provides 8 images every 45° per rotation and facilities the unfolding of the images by adope 
Photoshop Program. The design of rotated axial stage is suitable for supporting any size or 
type of sticks with complete stability and precisely controlled rotation of the sticks. The 
operation is also simple to place the sticks on or remove it from the stage   
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Non-destructive investigation of pigments by Raman 
spectroscopy: the case of “Villa dei Quintili” (Rome, Italy). 
Vincenza Crupi(1), Valentina Allodi(2), Giuliana Galli(3), Mauro Francesco La 
Russa(4), Francesca Longo(1), Domenico Majolino(1), Gino Mariotto(2), Barbara 
Rossi(5), Silvestro Antonio Ruffolo(4), Valentina Venuti(1) and Antonino 
Pezzino(6) 
(1) Dipartimento di Fisica e di Scienze della Terra, Università di Messina, Viale Ferdinando Stagno d’Alcontres 
31, 98166, Messina, Italy. 
(2) Dipartimento di Informatica, Università di Verona, Strada le Grazie 15, 37134 Verona, Italy. 
(3) Soprintendenza Speciale per i Beni Archeologici di Roma, Villa dei Quintili, via Appia Nuova 1092, 00197 
Roma, Italy. 
(4) Dipartimento di Biologia, Ecologia e Scienze della Terra (DiBEST), Università  della Calabria,  Via Pietro 
Bucci, 87036 Arcavacata di Rende (Cs), Italy. 
(5) Elettra - Sincrotrone Trieste, Strada Statale 14 km 163.5, Area Science 70 Park, 34149 Trieste, Italy and 
Dipartimento di Fisica, Università di Trento, via Sommarive 14, 38123 Povo, Trento, Italy 
(6) Dipartimento di Scienze Biologiche, Geologiche e Ambientali,Sezione di Scienze della Terra, Università di 
Catania, Corso Italia 57, 95129 Catania, Italy 
In the present work, we report a non-destructive Raman study performed on decorated 
finishing layers of plasters and stucco from a Roman archaeological site known as  Villa dei 
Quintili [1], a monumental villa located in the south-eastern part of Rome (Italy). The main 
goal was to characterize the pigmenting agents responsible for the colours. Starting from the 
basic idea that the recipes used to prepare coloring substances change over time, the 
identification of pigments can be crucial for dating and authentication [2]. 
Here, a comparative study between in situ applications of portable Raman spectroscopy and 
direct laboratory measurements using micro-Raman spectroscopy was performed on the 
surface of the studied fragments.  
The combined use of these 
methodologies was crucial in 
order  to distinguish two different 
reddish pigments, namely 
cinnabar and red ochre, as well as 
to provide useful information on 
the manufacture technique. 
Finally, we evaluated the 
potentiality of a portable Raman 
analyser for a preliminary “in 
situ” identification of pigments and we showed how micro-Raman spectral mappings of the 
samples is an effective tool capable of  characterizing pigmented surfaces. 
[1] C. M. Belfiore, G. V. Fichera, M. F. La Russa, A. Pezzino, S. A. Ruffolo, G. Galli and D. Barca, 
Archaeometry, DOI: 10.1111/arcm.12085, 2014. 
[2] E. Aquilia, G. Barone, V. Crupi, F. Longo, D. Majolino, P. Mazzoleni, V. Venuti, Journal of Analytical 
Atomic Spectrometry, 26,  2011, 977. 
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Pb correction algorithms for non-destructive provenancing 
of lead and tin glazed slip wares 
Detlef Wilke 
Dr. Wilke Management & Consulting GmbH, D 30974 Wennigsen, Germany 
wilke@xrfarchaeometrics.com 
Late medieval and early modern lead glazed decorated pottery has its roots in Byzantine and 
Islamic traditions. The glazed surface, whether additionally opacified with tin or not, 
precludes the direct, non-destructive elemental analysis of the clay paste with micro or 
portable XRF. The glaze as such acts as a physical barrier for element specific photons 
excited in the paste, with lead as a heavy element being a particularly potent photon absorber. 
Hence non-destructive paste analysis is restricted to the unglazed surface of sherds and 
vessels, or to broken edges, chips and failings of the glaze. Unfortunately even the unglazed 
parts of sherds and vessels as well as biscuit firings often yield elevated Pb net counts on the 
surface, which i.a. may be due to lead volatilization during the firing process [1]. Moreover 
the paste itself may sometimes have a baseload of lead as a contamination from the overall 
pottery production process. The lead contamination does not only cause photon absorption, 
but in case of energy dispersive XRF systems with silicon drift detectors also exhibits strong 
spectral interference with the discriminative trace elements Ga, Rb, Sr, and Y. Since the 
number of discriminative minor and trace elements in micro and portable XRF is at the limit – 
not only in comparison to destructive methods like INAA [2], the development of robust 
correction algorithms for lead based matrix effects and spectral interferences is essential. We 
therefore prepared fired clay tiles spiked with increasing amounts of a soluble lead salt, lead 
acetate, as well as surface treated samples in order to develop empirical correction algorithms 
for trace element quantification in pottery with elevated lead abundance in the paste and/or on 
the surface. Particular attention was given to the compatibility of the Pb correction algorithms 
with matrix correction for Fe, and with morphology/distance correction by normalization to 
the Rayleigh scatter (Rh Kα peak). We checked the validity of the empirical “influence 
coefficients” with various types of late medieval and early modern slipwares including proto-
majolica, Werra, Weser and Lower Rhenish lead glazed wares.  
[1] N. Forster, Grave P. Effects of elevated levels of lead in ceramics on provenancing studies using non-
destructive PXRF: a case study in Byzantine Cypriot glazed ceramics. X-Ray Spectrom. 42, 2013, 480-486 
[2] D. Rauch, Rauch P., Wilke D. Is non-destructive provenancing of pottery possible with just a few 
discriminative trace elements? Poster presented at the International Symposium on Archaeometry, Santa Monica, 
2014 
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Graffiti cleaning by mechanical, chemical and laser 
methods: a comparison
Pozo, S.(1), Rivas, T.(2), Fiorucci, M. P.(1), López, A.J.(1), Ramil, A.(1)
(1) Centro de Investigaciones Tecnológicas. Universidad de A Coruña, 15403, Ferrol, Spain.  
(2) Dpto. Ingeniería de los Recursos Naturales y Medioambiente. Universidad de Vigo, 36200, Vigo, Spain 
This paper reports the results from the comparative evaluation of the global cleaning 
effectiveness for four graffiti colors (red, blue, black and silver) applied to granites with 
different texture and composition. The applied cleaning methods were conventional 
mechanical procedures (Hydrogommage), chemical procedures (using commercial products)
and laser cleaning, by means of a nanosecond pulsed laser Nd:YVO4 with a 0,3 J.cm-2
fluence. With regard to the latter, it is the first time it is used for removing graffiti on granite  
The study was conducted using two NW Spain granites, Rosa Porriño and Silvestre, with a 
great commercial quality and appreciated aesthetic value. The global effectiveness of each 
method in removing graffiti by the applied cleaning methods was evaluated not only through 
the analysis of the paint extraction degree but also the damage caused on the granitic 
substrate. Optic and Scanning electronic microscopy, X-ray fluorescence, Fourier 
Transformation Infrared Spectroscopy, interferometric microscopy and color measurements in 
CIELab and CIECh spaces were the techniques used to determine the global extraction of 
graffiti from the granitic surfaces.
As a result, it has been found that the physic-chemical properties of the graffiti paints 
influence the effectiveness of the cleaning methods. So, blue, red and black graffiti paints, 
with similar composition, were successfully extracted by all the evaluated methods. However, 
the extraction of silver paint, with a different chemical composition, was more difficult so that 
the complete removal was only achieved by mechanical and chemical procedures; being laser 
method ineffective in removing this paint. Moreover, the ability of different paints to 
penetrate the rock affects the success of the cleaning. 
KEYWORDS: Cultural Heritage, graffiti, granite, cleaning, laser, Nd:YVO4.
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Evaluation by multispectral techniques of the laser 
cleaning progress: application to the removal of graffiti 
in granites.
Pozo, S.(1), Ramil, A. (1) , López, A.J.(1), Fiorucci, M. P.(1), Rivas, T.(2)
(1) Centro de Investigaciones Tecnológicas. Universidad de A Coruña, 15403, Ferrol, Spain.  
(2) Dpto. Ingeniería de los Recursos Naturales y Medioambiente. Universidad de Vigo, 36200, Vigo, Spain 
Multispectral techniques are characterized to be non-invasive, fast and easy to implement in 
situ. They have been used to determine the state of pigments and dyes in paintings and they 
allow us to control the evolution of conservation treatments [1]. In the case of granites, these 
techniques have been applied to study the deterioration processes [2]. Nowadays, 
uncontrolled graffiti application is a common deterioration pathology in our Built Cultural 
Heritage. Previous studies concluded that the grain size and the fissure system of granite 
influence in the level of graffiti removal [3]. In the case of laser cleaning, the characteristics 
of the rock surface, with a great variability of grain size and the different reflectivity 
characteristics of the forming minerals have a serious effect on the progress of graffiti 
removal. 
In this study, multispectral image analysis is used to evaluate in situ the graffiti extraction on 
Rosa Porriño granite by means of a nanosecond pulsed laser  Nd:YVO4. The aim of this work 
is to evaluate the progress of cleaning in the case of an inhomogeneous surface composed of 
quartz, feldspars and biotite crystals as major constituents. To compare the results, optic and 
electronic microscopy (OP and SEM-EDS) and µ-FTIR analysis have been used. The ultimate 
goal of this work is to develop an automated system for the control of laser cleaning of 
inhomogeneous surfaces. 
KEYWORDS: Cultural Heritage, multispectral techniques, graffiti, granite, cleaning, laser, 
Nd:YVO4.
[1] C. Fischer and I. Kakoulli. Reviews in conservation 7, 2006, 3-16.
[2] A. Riaza, P. Strobl, U. Beisl, A. Hausold, A. and A. Müller. JAG 3 (4), 2001, 345-354.  
[3] T. Rivas, S. Pozo, M.P. Fiorucci, A.J. López. and A. Ramil. Applied Surface Science 263, 2012, 563–572.
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The modernistic Nondestructive Analysis and 
Examinations Methods applied on faience Amulets Related 
to Late Period storage at Grand Egyptian Museum 
conservation center 
Israa Saied (1), Nesrien Mohamed Atef Kharboush (1), Shimaa Mahmoud Omar (1) 
and Yasunori Matsuda (2) 
(1) Grand Egytian Museum, Egypt 
 (2) Japan International Cooperation Agency (JICA), Japan 
 
The aim of this paper is to presents preliminary analytical scientific study on a faience amulet 
related to late period from Giza storeroom as a shape of women face& the current location is 
inorganic storeroom at grand Egyptian museum conservation center and it is obvious from 
visual examination and photography, Scanner imaging, optical imaging microscope, ultra 
violet imaging, infrared imaging appear of deep cracks, missing parts, loss of coherence of 
colour, loss of glazing layer and the proposal of investegation by this methods the anaylsis of 
utilized ,the investigation of artistic techniques , the investigation of ageing processes material 
in addition to microbiological analysis the results came out to become negative, therefore the 
compound of the amulets were explored by using x-ray diffraction(1) analysis which provided 
much valuable information on the conservation process which could be used not only to give 
better interpretation to the results already obtained but also for any further investigation 
undertaken for this amulets excavated From those sites (Giza Storeroom), also using Scanning 
electron microscope powered to energy depressive x-ray technique to recognition the internals 
percentage elements of amulets components. 
As we know as a conservator that anatyical methods are able to provide information on the 
chemical nature / compostion of selected part of cultural hertiage artifacts to elucidate the 
provenance or the state of alteration on the surface or internally as a result of short mideium 
or long term exposure to praticular environmental conditions and also the effectiveness of 
conservation strategies during and after application and using espically non destructive 
respecting the phyiscal intergrity of the object, Non destructive methods starting in earnest in 
the 1950 s by judicious use of the available means. 
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What is next on new Grand Egyptian Museum: Current 
Activity of its Conservation Center 
Israa Saied (1), Yasunori Matsuda (2) 
(1) Grand Egyptian Museum, Egypt 
 (2) Japan International Cooperation Agency (JICA), Japan 
 
The paper will present what’s next on all the aspects of Grand Egyptian Museum (GEM), 
scheduled to open in 2017, including its purpose, architecture, exhibitions, collections, and 
epecially conservation. The GEM will become a major hub for worldwide Egyptologists to 
study pharonic history and a must-visit place for visitors from all over the world. The museum 
aims at taking grasp of the diversity of ancient Egyptian heritage of monuments and arts 
needed to be exhibited at one place to maintain and preserve this huge legacy. 
 
As an affiliated institution of GEM, its Conservation Center (GEM-CC) was inaugurated in 
2010. It has already housed more than 11,000 ancient Egyptian artifacts in its storage rooms, 
including the King Tutankhamen collection to be exhibited in the new museum, so that GEM-
CC has been deeply devoted to conservation of these precious and indipensable artifacts. 
 
GEM-CC is a well-equipped facility comprising 17 laboratories specializing in conservation 
and scientific research and analysis. Seven conservation laboratories are consisted of Stone 
Lab., Wood Lab., Organic Lab. (textiles, leather and papyrus), Inorganic Lab. (ceramics, glass 
and metals) , Heavy Artifacts Lab., Special Project Lab. and Human Remains Lab. Others, 
such as Scanning Electron Microscope Lab., Light Microscopes Lab., Chemical Analysis 
Lab., Microbiology Lab. and Photographic Studio, are specialized in scientific reseraches for 
analytical purposes as well as archeometrical and conservation study. 
 
Collaborative activity between conservation and scientific research is usual in GEM-CC, so 
that mutual understanding has developped effectively for scientific conservation. With the 
assistance of both technical and scientific consultants for all the fields of GEM-CC including 
its HVAC system, security and health and safety, GEM-CC is required to be the first institute 
equipped with international standard of conservation in the Middle East and South Africa 
reagion. 
With close relation of Japanese conservation experts, Japan International Cooperation Agency 
(JICA) has supported technically GEM-CC since 2010. The JICA GEM-CC Project planned 
the training program as the main frame for the capacity development of GEM-CC staffs and it 
has advanced to hold the training courses in Egypt, Japan and developed countries for all the 
fields of conservation such as preventive conservation, conservation science and remedial 
conservation. Through the continuous technical cooperation, knowledge and practices of the 
staffs have been significantly developed, so that GEM-CC is expected to be an excellent 
regional institution in the near future. 
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Piotr Targowski(1), Justyna Olszewska-Świetlik(2), and Bogumiła J. Rouba(2)
(1) Institute of Physics, Department of Physics, Astronomy and Informatics, Nicolaus Copernicus University, 
ul. Grudziądzka 5, 87-100 ToruĔ, Poland
(2) Institute for the Study, Restoration and Conservation of Cultural Heritage, Nicolaus Copernicus University, 
ul. Sienkiewicza 30/32, 87-100 ToruĔ, Poland
The macro-XFR scanning technique is a variation of well-established XRF scanning but enables 
extended surface scans over thousands of cm2 during a single examination. For this study the M6
JetStream scanning system from Bruker Nano GmbH was employed [1]. It permits large surface 
scans – up to 70 cm x 55 cm with lateral resolution up to 50μm. It comprises a X-ray lamp 
working at 50 kV/600μA conditions with Rh anode and a polycapillary optics. An open-air 
system permits imaging elements of atomic numbers not lower than 16 (S). In this contribution 
results of examination of a late gothic (about 1480) painted wooden altar wing from St. John the 
Baptist and St. John the Apostle Cathedral Church in Toruń (Poland), a part of not preserved 
“Parentellae Christi” altar, will be presented (Fig. 1). Board belongs to one of the few preserved 
monuments of medieval painting school in Toruń. The results of the analyses will be useful in 
determining the characteristics of the anonymous author’s workshop and similarities and 
attribution of other medieval works of Polish school.  
Data for presented images comprise 1 375 800 pixels and were collected with accumulation 
time of 10 ms/pixel, over 5 hours for the whole area.  
During the presentation all results obtained for this panel will be presented and interpreted 
with emphasis on advantages and limitations of the system. Specific issues, related to presence 
of “dating” elements like zinc and titanium will be addressed and conclusions on the painter’s 
technique will be driven. 
[1] M. Alfeld et al., Journal of Analytical Atomic Spectrometry 28, (2013), 760-767.
This research was carried out using the infrastructure of the Interdisciplinary Centre for Modern Technology of 
the Nicolaus Copernicus University in Toruń, financed by Regional Operational Programme for Kujawsko-
Pomorskie Voivodship (Project No.: RPKP.05.04.00-04-001/10).
Fig.1 Selected results of macroXRF examination of “Circumcision in the Temple”, 
fragment: 31,1 x 27.5 cm2. Resolution: 250 μm. Elemental distribution shown in false colours.
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Sayed M. Ahmed1, Nagib A. Elmarzugi2, 3, Hussien M.Kamal4, Wael S.Mohamed5. 
1The grand Egyptian Museum, ministry of Antiquities, Cairo, Egypt, email: sayedmansour32@yahoo.com.
2Research and Innovation Dept., Institute of Bioproduct Development, Universiti Teknologi Malaysia. 
3Faculty of Pharmacy, Tripoli University and Biotechnology Research Center, LARST, Tripoli, Libya, email: 
nagib@ibd.utm.my. 
4The Grand Egyptian museum, conservation center, Cairo, Egypt,email:hussien.mkamal@yahoo.com. 
5Polymers department, National research center, Cairo, Egypt,email:wael.sabry@hotmail.com. 
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The unwanted changes of valuable historic calcareous stone monuments during the exposure to 
many physical and chemical effects may lead to its deterioration.  
The aim of this study was to evaluate the effectiveness of ZnO nanoparticles as a coating dispersed 
in acrylic copolymer, poly ethylmethacrylate/methylacrylate (70:30) (Poly (EMA/MA), for 
calcareous stone monuments against artificial aging by relative humidity/temperature, UV ageing 
and dirt accumulation [1].   
The synthesis process of ZnO nanoparticles/polymer nanocomposites have been prepared by in situ 
emulsion polymerization system. The prepared coating mixture containing 2% of ZnO 
nanoparticles showed obvious transparency features and represent nanocomposites coating 
technology with hydrophobic, consolidating and well protection properties [2]. 
The obtained nanocomposites have been characterized by TEM, while the coating homogeneity 
and surface morphology before and after aging was examined by SEM. The changes of molecular 
structure occurring in treated samples were spectroscopy studied by FTIR-ATR, activity of the 
hydrophobic property of the coated surface was evaluated by Sterio microscopy, and the efficacy 
of the treatments has been evaluated through capillary water absorption, UV-light exposure to 
evaluate photo-induced effects, colorimetric measurements performed to evaluate the optical 
appearance [3].
All the results get together with the apparent effect that coated ZnO nanoparticles is an innovative, 
method, which enhanced the durability of stone surfaces toward UV aging, coatings containing 
ZnO nanoparticles improved resistance to RH/temperature compared to the samples coated with 
the acrylic polymer without ZnO nanoparticles. In addition, coatings containing ZnO nanoparticles 
reduced accumulation of dirt on stone surfaces when left in open air for 6 months, cleaning of 
surfaces process was quite easy and faster compared to the non-coated surfaces or those coated 
with acrylic polymer without ZnO nanoparticles. 
>@ S.A. Ruffolo., M. Malagodi., A.M. Palermo., ZnO and ZnTiO3 nanopowders for antimicrobial stone coating Appl 
Phys A (2010) 100,PP: 829–834. 
>@ F. Effenberger.f., M. Schweizer.M., W. S. Mohamed., Synthesis and Characterization of Some 
Polyacrylate/Montmorillonite Nanocomposites by In Situ Emulsion Polymerization Using Redox Initiation 
System, Journal of Applied Polymer Science, Vol. 112, (2009), PP: 1572–1578.
>@M. El-Feky., A. Hassan., L. Hassan., Use of ZnO nanoparticles for protecting oil paintings on paper support against 
dirt, fungal attack, and UV aging, Journal of Cultural Heritage (2013),PP:1-8.
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L.F. Vieira Ferreira, I. Ferreira Machado 
CQFM- Centro de Química-Física Molecular and IN-Institute of Nanoscience and Nanotechnology, 
 Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal. 
Sherds representative of the 17th century three main Portuguese faience production centres – 
Lisbon, Coimbra and Vila Nova were studied with the use of non-invasive spectroscopies, 
namely: micro-Raman, Ground State Diffuse Reflectance Absorption (GSDR), Fourier-
Transform Infrared (FT-IR) and Proton Induced X-Ray (PIXE) or X-Ray Fluorescence Emission 
(XRF). X-Ray Diffraction (XRD) experiments were also performed.  
(i)                                                   (ii)                                                (iii) 
Three plates representative of the 17th century Portuguese faience produced in (i) Lisbon - spiders,  (ii) Coimbra – 
laces, and (iii) Vila Nova – armorial decoration, all from the 2nd half of the 17th century. 
The obtained results evidence a clear similarity in the pastes of the pottery produced at Vila 
Nova and some of the ceramic pastes from Lisbon, in accordance with documental sources that 
described the use of Lisbon clays by Vila Nova potters, at least since mid 17th century. Quartz 
and Gehlenite are the main components of these Lisbon’s pastes, but other different ceramic 
pastes were also detected pointing to the use of different clay sources. The spectroscopic trend 
exhibited in Coimbra’s pottery is remarkably different, Quartz and Diopside being the two major 
components of these pastes, enabling one to well define a pattern for these ceramic bodies.   
The blue pigment from the Lisbon samples is a cobalt oxide that exists in the silicate glassy 
matrix allowing the formation of detectable cobalt silicate microcrystals in most productions of 
the second half of the 17th century. A less clear micro-Raman cobalt blue signature was detected 
in the Vila Nova and Coimbra blue glazes, in accordance with lower kiln temperatures in these 
two production centres, the Co2+ ions being dispersed in the silicate matrix [1-3]. In all cases the 
white glaze was obtained with the use of tin oxide. Hausmannite was detected as the manganese 
oxide mineral used to produce the purple glaze (wine colour or “vinoso”) in Lisbon. 
[1] L.F. Vieira Ferreira, D.S. Conceição, D.P. Ferreira, L.F. Santos, T.M. Casimiro, I. Ferreira Machado, J. Raman 
Spectroscopy 45, 2014, 838-847.  
[2] L.F. Vieira Ferreira, I. Ferreira Machado, A.M. Ferraria, T.M. Casimiro, Ph. Colomban, Appl. Surf. Sci., 285P, 
2013, 144-152. 
[3] L.F. Vieira Ferreira, T.M. Casimiro, Ph. Colomban, Spectrochim. Acta, Part A 104, 2013, 437-444. 
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Luo Wugan(1), Mou Di(1),Li Dadi (2) ,Bai JiuJiang (2)
(1) Department of Science History and Archaeology, University of Chinese Academy of Sciences, Beijing 100049, 
China 
(2) Chongqing Cultural Heritage Research Institute, Chongqing 40013, China 
The study of zinc distillation technology in ancient China has been recently been published by 
Zhou et al. 2012, 2014. From these two papers we know more detail information about it. But, 
there are still some key technologies we do not know exactly. The first is if there is any 
difference between the coal used as fuel or as reductant? We also don’t know the exactly 
smelting temperature in this kind of smelting activity. The last and most important thing, we 
know the retorts were charged with zinc ores, coal and charcoal, but we know little about the 
exactly ration between them. 
In order to solve these questions, this paper presents the analytical study by OM, XRF, XRD, 
IL and SEM-EDS of zinc production remains from the site of Lijiangerdui, in the same region, 
dated to the Ming Dynasty, probably a few years early than the previous studies. The results 
indicated that there are different coal used for the smelting progress, and the exactly smelting 
temperature is 1180ć. The ratios for the raw material may be 1:2[(coal+charcoal)/zinc ores].
Key words: zinc smelting technology, metallurgy, Ming dynasty, ancient China 
All references within the text should be numbered consecutively with the numbers in 
parentheses as shown at the end of this sentence [1]. References have to be reported at the 
page bottom, in font Times New Roman 10 as indicated in the example. The insertion of 
figures in the abstract is possible and encouraged, but the overall length of the abstract has to 
be limited to one A4 page. Abstracts must be submitted in .pdf format. 
[1] Zhou, Wenli, Martinón-Torres, M., Chen, Jianli, Liu, Haiwang, Li, Yanxiang, Distilling zinc for the Ming 
Dynasty: the technology of large scale zinc production in Fengdu, southwest China. J. Archaeol. Sci. 39 (2012),
908-921.
[2] Wenli Zhou , Marcos Martinón-Torres , Jianli Chen c Yanxiang Li , Not so efficient, but still distilled: the 
technology of Qing Dynasty zinc production at Dafengmen, Chongqing, southwest China. Journal of 
Archaeological Science 43 (2014), 278-288.
[3] Mei Jianjun. A comparison between the ancient zinc smelting techniques of India and China. Studies in the 
History of Natural Sciences Vol. 12 No. 4 (1993). 
[4] Zhou Weirong. Traditional Chinese zinc-smelting technology & the history of zinc production in China. 
China Historical Materials of Science and Technology Vol. 18 No.2 (1997). 
[5] Ma yue, Li Xiuhui. A review of studies of brass objects and their smelting techniques in ancient China. The 
Chinese Journal for the History of Science and Technology Vol. 31 No.2 (2010). 
[6] Zhou Weirong, Fan Xiangxi, He Lin. Experimental evidence for metallic zinc brass. Studies in the History of 
Natural Sciences Vol. 13 No.1 (1994). 
[7] Song Yi, Guo Fen, Gu Song-hai. Determination of As, P, S, Cl in Coal by X-ray Fluorescence Spectrometry. 
Rock and mineral analysis, Vol 25, No.3(2006). 
[8] Lin Wen-jie, Xiao Tang-fu, Zhou Wang-chun etc. Environmental concerns on geochemical mobility of lead, 
zinc and cadmium from zinc smelting areas: western Guizhou, China. Environmental Science, Vol. 30, No.7 
(2009). 
[9] Ao Zi-qiang, Lin Wen-jie, Yan Chong-ling etc. Speciation and transformation of heavy metals in the 
indigenous zinc smelting area. Journal of Agro-Environment Science, 2008, 27(2):564-569. 
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 (2) Escola Politécnica da Universidade de São Paulo, Departamento de Engenharia Química, Avenida 
Professor Luciano Gualberto, Travessa 3, 380 São Paulo, SP, Brazil 
The present project aims to study an oil canvas possibly painted by the important Brazilian 
painter Benedito Calixto (1853–1927). It is a portrait of Coronel Antonio Joaquim de Souza 
Pinheiro (1838–1905), an owner of many coffee farms in the Brazilian countryside, in São 
Paulo State. The portrait was donated to the Unicamp Memory Center in 1986 by his 
grandson Theodoro da Souza Campos Júnior. Although the work is signed, its authenticity is 
controversial and it is not included in the artist catalogues. For this reason, the work was 
submitted to handwriting analysis, as well as to physical and chemical characterization, such 
as UV and IR imaging, and X ray fluorescence spectroscopy, which allows a comparison to 
be made with published analysis of Calixto sea paintings [1].  
Born in a city on São Paulo´s coast, Itanhaém, he became famous by his sea paintings, 
especially those in the region of the Santos Harbor. His paintings were present in most Baron 
Mansions at his time. He was also dedicated to religious art, with important frescoes in many 
churches in São Paulo, and to historical themes, as in the case of a famous painting 
representing the arrival of the Portuguese to Brazil and the foundation of São Vicente city. 
Portraits were not his preferred choice, but were necessary for supporting his family. To 
execute those portraits with fidelity, Calixto used the French methods he learned in the 
Académie Julian, in Paris, during an internship offered by the visionary sponsor Visconde 
Nicolau Vergueiro. Vergueiro was motivated by the wish to build an artistic identity of Santos 
City, following the progress trend generated by the construction of the Brazilian largest 
harbor in this city.  
The present study can contribute to clarify the authenticity question, to allow the work to be 
included in Calixto catalogues, and to stress the importance of the portrait’s genre on his 
overall work.text of your abstract should be entered here.   
[1] PETRELLA, Y. L. M. M. A Linguagem das Cores nas Paisagens Urbanas e Marinhas de Benedito Calixto,
MSc Dissertation, University of São Paulo, 1999. 
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Identification of Official Rhubarb Samples by THz-TDS 
and Chemometrics Methods 
Zhuoyong Zhang(1, *), Yi Liao(1), Jingrong Wang(1), Zhenwei Zhang(1),
Yuhong Xiang(1) and Peter de B. Harrington(2)
(1) Capital Normal University, Terahertz Optoelectronics, Ministry of Education, Beijing 100048,China  
 (2) Center for Intelligent Chemical Instrumentation, Clippinger Laboratories, Department of Chemistry and 
Biochemistry, Ohio University, Athens, Ohio, 45701-2979, USA. 
Rhubarb is the dried roots and rhizomes of Rheum palmatum L, Rheum tanguticum Maxim. ex 
Balf, and Rheum officinale Baill, which is a species of plant in the family polygonaceae. The 
roots and stems are used as an antidote, antispasmodic, aperient, astringent, cathartic, 
demulcent, diuretic, and purgative. There are three kinds of Rhubarbs included in the Chinese 
Pharmacopoeia as official rhubarb[1]. The rhubarb needs to be identified by a fast and 
accurate method to guarantee the curative effect of rhubarb and the patient's medication safety. 
Terahertz time-domain spectroscopy (THz-TDS) and chemometrics methods have been 
applied to identifying 41 official and unofficial rhubarb samples in this paper. Based on 
transformation and proper pretreatment of THz-TDS spectra, qualitative analysis model of 
principal component - linear discriminant analysis (PCA-LDA), support vector machine 
(SVM) were established to predict unknown rhubarb samples. The predictive ability and 
stability of the model was evaluated using bootstrapped Latin-partitions method with 50 
bootstraps and 4 Latin-partitions. Four standard kernels were used to evaluate the SVM for 
the effectiveness of the classification results, simple linear kernel, the polynomial kernel, 
radial basis function (RBF) kernel, and sigmoid kernel. The results showed that the 
identification accuracy of 100% could be accomplished by the models of PCA-LDA and 
SVM using simple linear kernel, which is higher than the classified accuracy of 57.5f1.0% 
by the using sigmoid kernel for the SVM. Moreover, the satisfactory results showed that the 
classification accuracy of 99.7f 0.2% and 99.9f 0.1% were achieved by using the 
polynomial kernel and RBF kernel for the SVM, respectively. The proposed method proved 
to be a convenient, non-polluting, accurate, and non-chemical pretreatment approach for 
identifying rhubarb samples. The developed procedure can be easily implemented for quality 
control in herbal medicine production.  
Keywords: Terahertz, Spectroscopy, Rhubarb, Chemometrics 
[1] Chinese pharmacopoeia commission, Chinese pharmacopoeia for 2010 edition, China medical science and 
technology press, Beijing, 2010.   
_____________________ 
* This work was supported by the National Instrumentation Program (2012YQ140005) and Natural Science
Foundation of China (21275101). 
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'HWHULRUDWLRQ HVWLPDWLRQRI$UWZRUNVE\PHDQVRIDQRYHO
'+\SHUVSHFWUDO,PDJLQJ 6\VWHP
Vassilis Papadakis1,2, Roger M. Groves1, Vivi Tornari2, Cristina Portalés3, Albert Borreman4,
Jan Vermeiren5, Jon D. Ward6, Emilio Ribes-Gómez7 
1Aerospace NDT Laboratory, Delft University of Technology, The Netherlands 
2FORTH, Foundation for Research and Technology Hellas, Heraklion, Greece 
3IRTIC, Universidad de Valencia, Spain 
4AVANTES BV, Apeldoorn, The Nederlands 
5XENICS NV, Leuven, Belgium
6Gooch & Housego Ltd,  Ilminster, United Kingdom 
7AIDO, Optics, Color and Image Institute of Valencia, Spain 
Climate and time are two major factors enhancing the degradation processes of surface and 
bulk materials. For this reason, estimating the mechanical and chemical deterioration of works 
of art has been a continuous procedure performed in museums.  
The developed prototype combines two optical techniques (Fringe Projection and 
Hyperspectral Imaging in the Visible and SWIR) in one system, enabling the acquisition of
the colorimetric, morphologic, chemical and spectroscopic information from the artwork. This
combination of: non-destructive techniques; specialized calibration; the use of material, 
substance, component and pigment databases; data fusion and classification methods, allows 
the characterization and analysis of canvas and panel paintings. Furthermore, the prototype is 
portable to allow on-site measurements and analysis. 
The performance of the prototype is presented from both hardware and software development. 
Results obtained from real case studies show that mechanical and chemical deterioration can 
be characterized in complex surfaces.
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When art, nature and science meet: 
fish occurrence and baselines
Alpina Begossi(1,2) and Rodrigo Caires (3)
 (1) Capesca/Nepa/Unicamp (Rua Albert Einstein 291, Campinas, SP, 13083-852, Brazil) 
 (2) FIFO/Ecomar/Unisanta (Av. Oswaldo Cruz, Santos, SP). 
(3) MZUSP, Av. Nazaré 481, 04263-000, São Paulo 
The representation of animals in art is observed in paintings, sculptures and murals 
throughout history and places. In this study we focus on the representation of fish in art, 
especially paintings, and we show how it can help to get information on fish baselines. 
Baselines are a reference point by which stocks are compared. Baselines then are a 
representation of the time in which data were collected. Therefore, baselines change over 
time and are the result of any impact affecting fish stocks. Guidetti and Micheli (2011)4
have shown this important link by analysing roman mosaics and the fish represented in 
them. We show in this study how local important fish is represented in paintings and how 
this information can be useful to biology and ecology. We show, in particular,  20 art 
pieces from different places and  collected at different museum and books (examples in
Figures 1 and 2) from which information of fish is possible in space and time. 
Figure 1. Aboriginal Australian painting 
by Alick Tipoti, 1975, Torres Strait; 
In Cairns Regional Gallery, 
Australia. 
(4)Guidetti, P. & Micheli, F. Ancient art serving marine 
conservation. Front. Ecol. Environ. 9, 374–375 (2011). 
doi:10.1890/11.WB.019. 
Figure 2. Detail of Emanuel De Witte´s 
The Fish market. Approximately 1672. 
Rijksmuseum Museum, Amsterdam.
Oil on canvas 52 x 62cm. 
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1RQ'HVWUXFWLYH7HVWLQJLQFXOWXUDOKHULWDJHE\XVLQJ
$FWLYHLQIUDUHGWKHUPRJUDSK\WHFKQRORJ\
Dongmei Zhao1*, Yong Lei2, Wanping Jin1, Zhenwei Zhang3, 
Ningchang Shi2, Guan Wang1, Cunlin Zhang3 
1 Beijing Waiteksin Advanced Technology Co., LTD 
2 The Department of Conservation Science and Technology, THE PALACE MUSEUM, Beijing, 100009, 
China, 
3 Beijing Key Laboratory for Terahertz Spectroscopy and Imaging, Key Laboratory of Terahertz 
Optoelectronics, Ministry of Education, Department of Physics, Capital Normal University, Beijing 
100048, China 
Infrared thermography (IRT) is a non-destructive technique that has recently been 
extensively applied to the investigation of historical relic. It provides information on 
the surface and subsurface structure by modifying the active heat energy. By using 
curve fitting and raising SNR method, more exact data can also be got. This paper 
presents two application cases of active Infrared thermography to historic artifacts. 
For the 18.1m long and 3.1m high detached mural painting of Yuan dynasty (13-14 
century) in Palace Museum, we can get the information of deterioration and back 
wood framework. For the iron Buddha heads in the Palace Museum , which is 
difficult to be investigated by X-ray photography, the thickness difference of each 
iron Buddha head can be identified also by IRT technique  
Key words: Infrared thermography, Non-Destructive Testing, Cultural heritage, 
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Zhang ZhenWei1*, Lei Yong2, Zhao Yuan-meng1, Li ChenYu1, Gu An2,
Shi NingChang2, Zhang ZhuoYong1, Zhang Cunlin1
1 Beijing Key Laboratory for Terahertz Spectroscopy and Imaging, Key Laboratory of Terahertz 
Optoelectronics, Ministry of Education, Department of Physics, Capital Normal University, Beijing 
100048, China 
2 The Department of Conservation Science and Technology, THE PALACE MUSEUM, Beijing, 100009, 
China, 
In this paper, we propose a new method based on Terahertz imaging for the 
nondestructive testing of oil paintings. We represented the three-dimensional pigment 
distribution of the oil painting utilizing frequency-modulated-continuous-wave 
terahertz imaging technology. First we detected the delay time Δt between the 
reference signal and the testing signal, and then calculated the depth of each position 
of the oil painting. Finally we combined the phase information with the 
two-dimensional scanning to obtain the three-dimensional tomographic imaging data. 
The multi-layered images can clearly present the drawing process of the oil paintings. 
This study will provide a new nondestructive testing method for precious paintings’ 
preservation and restoration, and has the potential to transform the research of the 
historic painting techniques. 
Keyword: Terahertz imaging, Heritage preservation, Nondestructive testing, Oil 
painting
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Examination, Conservation and analysis of composed 
Egyptian Ibis Statue
Shimaa Mahmoud (1), Yasunori Matsuda (2)
Inorganic artifacts Lab, Conservation Center, Grand Egyptian Museum- (GEM-CC), Egypt. )1(
Conservation Center Project, Japan International Cooperation Agency (JICA), Egypt. )2(
This article discusses the major issues related to modern studies on objects and 
materials of historical or cultural heritage, which usually involve the use of non-
destructive and micro analytical techniques which employed for various purposes and 
particular for cultural heritage because the conservation and restoration of materials 
and artifacts need for analytical method that are able to provide information on the 
chemical nature, composition of selected parts of artifacts to elucidate their 
provenance, the state of alteration of the object as a result of short, medium and long 
term exposure to environmental conditions ,and the effectiveness of conservation 
strategies during and after application, so that this paper describes the  available 
applications of non-destructive and micro analytical techniques to ibis statue related 
to late period in Egyptian Civilization excavated from Tona el-gabal in el-minea by 
Cairo university excavations in 1946 & the current location is inorganic storeroom at 
grand Egyptian museum - conservation center and it is obvious from visual 
examination and analytical techniques  the object  made compositely from various 
materials, previous interventions showed contemporary support by the wooden base 
with iron pins and wire until the transfer as well as nature of corrosion product on the 
metal surface of the statue which was identified by X-ray diffraction analysis and 
scanning electron microscope with EDS, missing part from  the leg of the statue, and 
will discuss possible and suitable ways to extend life of the Ibis statue with safe and 
stable material (Plexiglass) which doesn’t react with any material used in the artifacts 
of the ancient Egyptian civilization.
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Ioana Gomoiu(1), Dan Mohanu(1), Ileana Mohanu(2), Mădălin Enache (3) Cristina
Serendan(1) and Roxana Cojoc (3)
(1) National University of Arts, 19, General Budişteanu, Bucharest, Romania  
(2) CEPROCIM S.A.,6 Blvd Preciziei, Bucharest, Romania 
(3) Institute of Biology, Romanian Academy, 296, Spl Independentei, Bucharest, Romania 
Hurezi monastic complex is dating from the seventeenth century, but the refectory was built in 
the early eighteenth century. Analytical data are important for evaluation of the state of 
conservation as well as of the mechanisms of deterioration. Three main sources of deterioration 
were found: environmental factors producing mechanical, chemical and biological alteration, 
endogenous causes due to incompatibility of materials used in manufacturing and alterations due 
to the previous restoration. Scientific examination of the eastern, northern and western walls of 
the refectory, containing original frescoes as well as repair mortar in the areas with lost frescoes, 
provides a picture of the changes in morphology due to physical and biological alterations. 
Analytical data available from the present study are morphological, physical and biological 
information. Technical examination was performed with respect to the specific part of the 
surface and to microsamples prepared for microscopical examination and as cross sections. 
Analysis performed revealed morphological changes of mortar and pictorial layer as follows: 
debris, dust, cracks, pink fissures, pink spots (Figure1), white and pink efflorescence (Figure 2 
and Figure 3). Materials characteristics such as the percentage of aggregates, pores, specific 
minerals, pore and grain size allowed a better analysis of the composition, technology and 
deteriorations produced by pink microorganisms (either bacteria or archaea).  Examination of 
samples and cross sections of samples extracted from the mortar provides information about the 
thickness of pink biofilm as well as about t intonaco layer, crypto efflorescence which enlarge 
the pores, white efflorescence recently formed or pink efflorescence already colonized by 
halophilic bacteria producing carotenoid pigments (Figure 4). 
Fig1.Pink spots       Fig.2.Pink cracks     Fig.3.Pink salts        Fig.4.Pink bacteria 
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Xiao Birui(1), Zhou Yin Yin (1)
(1) Chongqing Cultural Heritage Research Institute, Chongqing 40013, China 
Recently, a number of ancient zinc smelting sites were discovered and excavated in 
Chongqing which are the earliest and largest ancient zinc smelting sites of China. These sites 
represent the advanced and mature period of the Chinese ancient zinc smelting production. 
This paper combines the archaeological discovery with documentation, and deduces that the 
Chinese ancient zinc smelting production is possibly originated no later than mid Ming 
Dynasty from either the region between Fengdu (Ѡ䜭) and Zhongxian (ᘐ৯) of the Yangtze 
River (䮯⊏) or the region of Qiyao mountain (гᴌኡ). Based on the investigation of the 
background, scale, and reason of decline of the zinc smelting production in Chongqing, 
suggests that the zinc smelting furnace of Ming Dynasty is probably related to the spread of 
the linear furnaces from the west. The Chinese ancient zinc production might have a positive 
impact both on the European modern zinc industry and the Parkes silver extracting process. It 
also verifies and reconstructs the transportation management, scale and paths of the zinc 
production in Guizhou (䍥ᐎ) that was transferred at Chongqing during Qing Dynasty.
[1] An Analysis on the Zinc Smelting Archaeology, Li Da-di & Bai Jiu-jiang & Yuan Dong-shan, Jianghan 
Archaeology, No.3, 2013,113-122. 
[2] A Comparison Between the Ancient Zinc Smelting Techniques of India and China, Mei Jian-jun, Studies in 
the History of Natural Sciences, Vol.12, No.4, 1993,360-367. 
[3] Traditional Chinese Zinc-Smelting Technology & History of Zinc Production in China, Zhou Wei-rong, 
China Historical Material of Science and Technology, Vol.18, No.2, 1997,86-96. 
[4] Discussion on the Production and Management of Copper and Lead Mine in Sichuan in Qing Dynasty, Wang 
Gang, Journal of Sichuan Normal University, No.4, 1990,88-93. 
[5] Local History of Youyang Zhili State, Feng Shi-ying & Ran Chong-wen etc. Chengdu : Bashu Press, 2009. 
[6] Local Records of Shizhu County, the Codification Commission of Shizhu, Chengdu : Sichuan Cishu Press, 
1994.
[7] Collection of the Archives of Ba’xian County in Qing Dynasty (Emperor Qianlong), Archives Bureau of 
Sichuan, Peking : China Archives Press House, 1991. 
[8] New Local Records of Shizhu County with Additional Part, Wang Huai-ling (Qing), photographic rpt. 1843. 
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R.P. Freitas(1), C.Calza3, I.M.N. Ribeiro(1,2), A.L.C Oliveira(1), V.S. Felix(1), R.T. 
Lopes(3)
(1) Instituto Federal do Rio de Janeiro (IFRJ), Rua Sebatião Lacerda S°N, Paracambi, RJ, Brasil. 
(2) Universidade Rural do Rio de Janeiro (UFFRJ), Seropédica RJ, Brasil. 
(3) Laboratório de Innstrumentação Nuclear, LIN/PEN/COPPE/UFRJ, Rio de Janeiro, RJ, Brasil. 
The scientific analysis of works of art has gained increasing interest in recent years.  Pigment 
characterization, for example, can be used to assist the best treatments for the conservation 
and restoration of a work of art. Currently, different analysis techniques are used for pigment 
characterization; however, in most of the cases studied, several pigments are mixed to obtain 
a color hue, impairing the interpretation of the results obtained by those techniques. In the 
present study, some historical pigments were mixed – simulating different hues of a painting 
– and analyzed by Raman spectroscopy and FT-IR and through the XRF, XRD and SEM-
EDS techniques. 
To simulate a real situation, the mixtures were obtained diluting the inorganic pigments 
(powdered) in olive oil and then applied on a canvas, over a lead white [2PbCO3.Pb(OH)2]
preparation layer.  The following mixtures were studied: (a) Naples yellow [Pb3(SbO4)2] + 
cobalt blue [(Co,Zn)2Al2O4] = green color; (b) yellow ochre [α-FeOOH+clay+silica] + 
Prussian blue [Fe4[Fe(CN)6]314-16H2O] = green color; (c) chromium yellow [PbCrO4] + 
Prussian blue = green color; (d) red lead [Pb3O4] + chromium yellow = orange color.  
X-Ray Fluorescence analyses were performed using a portable system, that comprises a 
Amptek 123-SDD detector and Mini-X X-ray tube, with W anode, operating at 30 kV and 40 
μA. The SEM-EDS analyses were performed, in the system model TM 3000 from Hitachi,
operating at 15 kV. X-Ray Diffraction analyses were performed using Shimadzu XRD-6000 
diffractometer with Cu anode, operating at 30 kV and 40 mA. The Raman analyses were 
performed in a spectrometer model LabRam HR Evolution from Horiba, using different lasers 
sources, adjusted with power less than 1 mW. The FT-IR measurements were performed in 
the the middle region [4.000-400 cm-1], using the attenuated total reflectance (ATR) method, 
in the spectrometer from Bruker model Vertex 70. 
Since XRF and EDS are elemental analysis techniques, pigment characterization is based on 
the detection of key elements in the spectra, associated to the color of the paint layer seen on 
the canvas. Therefore, the results of XRF and EDS analyses did not allow characterizing the 
original pigments, but led to wrong conclusions indicating the presence of the following 
pigments: cobalt green [CoO.nZnO], green earth [K [(Al,FeIII ), 
(FeII,Mg)(AlSi3,Si4)O10(OH)2], chromium oxide [Cr2O3] and chrome orange 
[PbCrO4.PbH2O], respectively  in each case. 
The results obtained with each of the three molecular investigation techniques Raman, FT-IR 
and XRD, succeeded to identify most of the original pigments present in each mixture. The 
results show that each technique has a different sensitivity for each component. For example, 
cobalt blue was better evidenced by XRD, while, the pigments Prussian blue and yellow ochre 
were better determined by Raman and FT-IR spectroscopies. Such results demonstrate the 
need of applying the most adequate technique for characterizing each type of pigment.  
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Alexandria Hunt(1), Barbara Stuart(1), Paul Thomas(1), Daniel James(2),
Bruno David(2), Jean-Michel Geneste(3) and Jean-Jacques Delannoy(4)
(1) University of Technology Sydney, Centre for Forensic Science, Sydney, 2007, Australia. 
(2) Monash University, School of Geography and Environmental Science, Clayton, 3800, Australia. 
(3) Université de Bordeaux 1, Centre National de Préhistoire, Périgueux, 24000, France. 
(4) Université de Savoie/CNRS, Laboratoire EDYTEM, Le Burget du Lac, 73376, France. 
In 2006 remote rock art sites of the Jawoyn people in the Northern Territory of Australia were 
rediscovered during an aerial survey of the Arnhem Land plateau. Subsequently, more than 
4000 rock art sites have been rediscovered, including the spectacular Nawarla Gabarnmang 
site which dates back 45000 years, making it one of the earliest human occupation sites in 
Australia [1,2]. The art at these sites depicts a history of the culture of the Jawoyn people, 
containing paintings from different generations with an array of pigment types. In 2010 an 
international team of archaeologists were invited to document these extraordinary sites. 
The current project is a study of rock art at one of the Jawoyn sites known as ‘Little Barra’. 
The site contains a range of pigment types, with ochre colours ranging from reds to yellows to 
white, and with an unusal purple colour observed. Ochre is an important component of paint 
used in traditional, as well as modern, Australian Indigenous art. This mineral-based material 
is mined from particular sites and is coloured by iron oxides. The source material was 
extensively traded across Australia in the past, and it has been established that the chemical 
composition of ochres is dependent on the source [3]. A series of small paint specimens were 
collected from the Little Barra site representing different colour types and ages.  
An investigation of the specimens using synchrotron infrared microscopy was carried out at 
the Australian Synchrotron in Melbourne, Australia. The study provides an understanding of 
the composition of the paints used at the Little Barra site. Synchrotron FTIR 
microspectroscopy has enabled the minute samples to be examined in compression 
transmission mode, thus avoiding the need to embed the specimens. An in-depth 
understanding of the chemistry of the pigments is combined with archaeological information 
to build a clearer picture of the social practices of the Jawoyn people.
[1] B. David, J-M. Geneste, R.L. Whear, J-J. Delannoy, M. Katherine, R.G. Gunn, C. Clarkson, H. Plisson, 
P. Lee, F. Petchey, C. Rowe, B. Baker, L. Lamb, W. Miller, S. Hoerlé, D. James, É. Boche, K. Aplin,  
I.J. McNiven, T. Richards, A. Fairbairn, J. Matthews, Australian Archaeology 73 (1), 2011, 73.
[2] R.G. Gunn, R.L. Whear, L.C. Douglas, Australian Archaeology 75 (1), 2012, 55. 
[3] P.M. O’Neill, D.C. Creagh, M. Sterns, Radiation Physics and Chemistry 71 (3-4), 2004, 841.
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Man-wai Tang and Wing-fai Lai 
 Conservation Office, LCSD, G40, HK Heritage Museum, 1 Man Lam Road, Shatin, Hong Kong
Identifying organic dyestuffs in cultural heritage artifacts is of paramount importance to 
conservators, historians and curators as they provide useful clues on the trade routes, source of 
materials and the colouring processes [].  For instance, the usage of natural dyes extracted
from plants indicates the provenance [] and the application of synthetic dyes provides 
important dating information [3].  However, it is always a challenging task for conservation 
scientists due to minute quantities of sampling as well as the variation and the complexity in the 
dyeing processes. This paper presents the advantages and disadvantages in the application of 
ultrahigh performance liquid chromatography with photodiode array and quadrupole time-of-
flight detectors in comparison to other spectroscopic techniques. The sampling methods and 
analysis workflows are illustrated with case studies on red dyes, including cochineal red [4],
Eosin Y [5], Rhodamine B and 6G, Cromophtal red and Naphthol orange that identified from 
silk birthday hangings, in-patient registers, opera librettos and wedding documents dated from 
mid-Qing Dynasty (1644-1912 CE) to 1950s collected by the Hong Kong museums. Results 
not only showed that the trend of red dyes used in Pearl River Delta region, but also testified 
the transition from the natural to synthetic materials in the dyeing industry through the 
centuries. 
Pure organic dyes in the artifacts are not easy to be fully isolated from their substrates and other 
non-colouring compounds in the course of analysis thus rendering non-destructive techniques 
like FTIR-ATR and Raman spectroscopy very difficult to apply even comprehensive reference 
spectra are available.  However, colourants in the mixtures can be readily separated in the 
chromatography column, detected in the photo diode array detector and then further studied by 
the mass detector [6,7].  By combining the isotopic profiles and the exact measurements of m/z 
of the molecular ions obtained from time-of-flight analyzer, it is possible to determine their 
molecular formulae [6,7].  In a set of Chinese wedding documents dated 1950s, the dyes 
identified are composed of a mixture of Rhodamine B and 6G, which are structural isomers 
with same mass signal at m/z 443, can also be easily distinguished by using tandem mass 
spectrometry as their product ions differs significantly [8].  The method of elucidating
structures from molecular formulae and the fragmentation patterns of early synthetic dyes, with 
emphasis on the instrumental parameters, will be discussed.
[1] E.S.B. Ferreira, A.N. Hulme, H .McNab, A. Quye, The natural constituents of historical textile dyes, The Royal 
Society of Chemistry 2004, 329-336
[2] A. Serrano, M.M. Sousa, J. Hallett, J.A. Lopes, M.C. Oliveira, Analysis of natural red dyes (cochineal) in textiles of 
historical importance using  HPLC and multivariate data analysis, Anal Bioanal Chem 2011 401:735-743 
[3] J.C. Barnett, Synthetic organic dyes, 1856-1901: An introductory literature review of their use and related issues in 
textile conservation, Reviews in Conservation Volume 8 2007, 67-77
[4] A. Cheung, L. Sam, L. Messerschmidt, E. Yeung, The analysis and conservation of Chinese silk birthday hanging of 
the Qing dynasty, Studies in Conservation Volume 59 Supplement 1 2014, 28-31
[5] A.W. Liu, M.Y. Ho, C. Lai, Solving a conservation problem: The treatment of a batch of century-old Chinese 
manuscripts printed with fugitive red grid-lines, Studies in Conservation Volume 59 Supplement 1 2014, 248-249 
[6] I. Petroviciu, I. Cretu, I.V. Berghe, J. Wouters, A. Medvedovici, F. Albu, D. Creanga, A discussion on the red 
anthraquinone dyes detected in historic textiles from Romanian collections, MATCONS 2011 
[7] C. Mouri, R. Laursen, Identification and partial characterization of C-glycosylfavone markers in Asian plant dyes 
using liquid chromatography – tandem mass spectrometry, Journal of Chromatography A, 1218 (2011) 7325-7330 
[8] K. Lech, E. Wilicka, J.Witowska-Jarosz, M. Jarosz, Early synthetic dyes – a challenge for tandem mass spectrometry, 
J. Mass Spectrom 2013, 141-147 
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Cecilia Bartùli(2), Dariush Hampai(1), and Sultan B. Dabagov(1,4)
(1) INFN - LNF, Via E. Fermi, 40, I-00044 Frascati, Italy
(2) Dip. DICMA - Univ. Roma ”Sapienza”, Via Eudossiana 18, Roma, Italy
(3) ITABC - CNR, Via Salaria Km. 29,300 10, 00016 Monterotondo St. Roma, Italy
(4) RAS P.N. Lebedev Phys. Inst. and Nat. Res. Nucl. Univ. MEPhI Moscow, Russia
The frequent artistic relevance and immovability of ancient artefacts make non-destructive
techniques and portable equipment particularly attractive. This is one of the main reasons for
the unrivalled, long-lasting success of portable X-ray fluorescence (XRF) devices.
Depending on the constituent materials, the capability of an XRF spectrometer of efficiently
exciting medium-Z elements (such as Ag, Cd, Sn, Sb, Ba) may be essential. This requires the
exciting radiation to have a sufficiently intense component at high energy. Moreover,
depending on the investigated artefact, a further requirement may be spatial resolution that is,
the capability of analysing fine details with no interference from the surrounding materials.
The introduction of portable micro-XRF spectrometers (devices equipped with polycapillary
optics) into common use has only in part fulfilled the demand. Though capable to focus the
exciting beam to a few tens of micrometers in diameter and provide good spatial resolution,
polycapillary optics behave as low-pass filters and remove the high-energy component from
the primary spectrum.
If compared to conventional XRF devices, micro-XRF systems seem more suitable to analyse
fine details and relatively low-Z elements, whereas the former can achieve good detection
limits for medium-Z elements, but are incapable to discriminate details smaller than a few
mm from the surrounding materials.
This work compares the results of the investigations carried out in situ on different types of
artefacts, with both an XRF and a micro-XRF spectrometer. The results, concerning ancient
glass fragments, a group of Roman Imperial coins and a medieval cross made of gilded and
enamelled silver, show that the information provided by the two devices is in most cases
complementary, so that the combined use of both seems, at present, advisable. This
redundancy will be removed when polycapillary optics with a wider pass band come into
common use.
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Comparison of different tomographic setups for the 
morphological analysis of ancient violins 
D. Dreossi(1), A. Giordano(2), J. Kaiser(3), N. Sodini(1), F. Zanini(1) , T. Zikmund(3)
(1) Elettra - Sincrotrone Trieste, S.S. 14 - km 163,5 in AREA Science Park, 34149 Basovizza - Trieste, Italy 
 (2) Alberto Giordano & C., Piazza Garibaldi 24r, 16123 Genova (Italy)  
(3) Brno University of Technology, CEITEC, Technická 10Brno, Brno (Czech Republic) 
X-ray computed tomography (CT) is becoming a common technique for the non-destructive 
structural analysis of ancient manufacts of cultural relevance, providing luthiers, art 
historians, conservators and restorators with a unique tool for the characterization of musical 
instruments. Additionally, CT-derived information aid in the replication of original 
masterpieces and have an important role in the valuation, insurance, and identification of 
valuable stringed instruments. 
The experimental setup to choose is related to the kind and accuracy of the information to be 
extracted. Some applications of the technique require to examine extremely small details in 
selected parts of a violin, as in the evaluation of small cracks and thin patches, or in the 
characterization of larvae and eggs of wood-destroying insects. Other approaches, on the 
other hand, require less precise measurements of the size of the violin and its main 
components. Sometimes the presence of metal parts, such as strings and keys, requires a high 
dynamic range X-ray detector. Other parameters to be taken into account are related to the 
general organization of the experiment, such as the time required for the whole measurement, 
the distance of the laboratory from the instrument owner, its availabilty and, of course, the 
cost of the service. 
The study described has been dedicated to a deeper understanding, from a qualitative point of 
view, of advantages and disadvantages of three different approaches in the morphological 
study of a violin: a conventional clinical CT, a commercial micro-CT system and a micro-CT 
synchrotron beamline. 
The data acquisitions were performed in three different laboratories, with three radically 
different tomographic systems: a state-of-the-art clinical tomographic system at the Cattinara 
Hospital of the Trieste Ospedali Riuniti, Italy; a GE Phoenix v|tome|x L 240 micro CT station 
at the Faculty of Mechanical Engineering, Brno University of Technology, Czech Republic; 
the SYRMEP micro-CT synchrotron radiation beamline at Elettra-Sincrotrone Trieste, Italy. 
The measurement were performed on the same violin in order to compare the results. The 
instrument was an old (~1850) Austrian violin with several cracks, defects and woodworm 
attacks. The final results were compared on the basis of several considerations: the main 
concern was obviously related to the quality of the final reconstructed images, taking into 
account the spatial resolution and the dynamic range of the final images, as well as the 
presence and relevance of recostruction artifacts. The other parameters we considered, in 
order to compare the different approaches also from the point of view of the working 
conditions were related to the time necessary for the acquisition and reconstruction, to the 
amount of scans performed in a typical measurement, to the amount of data generated, the 
computing system necessary to manage them, and to the availability and cost of the access to 
the different facilities. 
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7LQGHWHUPLQDWLRQLQfistulaeVHDOVIURPConimbrigaDQG
Augusta Emerita 
Susana Sousa Gomes(1), Pedro Valério(1), Maria Fátima Araújo(1), António 
Monge Soares(1) and Virgílio Hipólito Correia(2)
(1) Centro de Ciências e Tecnologias Nucleares, Instituto Superior Técnico, Universidade de Lisboa, Estrada 
Nacional 10, km 139.7, 2695-066 Bobadela LRS, Portugal 
(2) Museu Monográfico e Ruínas de Conimbriga, Condeixa-a-Velha, 3150-220 Condeixa, Portugal 
Aqueducts and public baths (balneae or thermae) are important architectural buildings 
developed by the Romans since the Republican period. These buildings had hydraulic systems 
usually made with lead plumbing pipes (fistulae); manufactured by casting sheets, which were 
sealed by joining the edges with a molten metal. Some authors describe the additional metal 
as lead, or a lead alloy with 5% Sn, or a lead solder with 25% Sn [1]. According to Pliny, the 
Elder, lead could not be joined without tin and the solder should be composed by two parts of 
lead and one part of tin (tertiarium). Modern studies have been showing that Romans 
probably used distinct techniques for joining lead pipes, such as welding (same metal) and 
soldering (tin-lead alloy) [2], but much is still to be learned about this ancient technology. 
In the present study the Sn contents of joining areas from Roman water pipes collected at 
Conimbriga (9 samples) and Merida (5 samples), 
important urban centres from ancient Lusitania
province, were determined by micro-EDXRF. 
Results suggest that only two lead pipes from 
Conimbriga were sealed with a solder alloy, 
containing 69% and 64% of Sn, and 31% and 36% 
of Pb, respectively. The composition of the solder 
applied on Conimbriga water pipes is close to the 
eutectic point (61.9 wt.% Sn) having thus much 
lower liquidus temperature (~190 ºC) than the 
melting point of the lead pipe (i.e. 327 ºC for pure 
lead). According to Pliny, this tin-rich solder was 
commonly used in fine work, as statuary elements. The remaining water pipes have relatively 
low contents of tin (0.78 to 2.6 wt.%) or was not detected. Micro-analyses carried out along 
the body and welding region of a pipe with 2.6% Sn show an almost constant profile (Figure 
1), thus demonstrating the use of impure lead (lead scrap?) on both the pipe and the welding 
material.  
5HIHUHQFHV
[1] A. Wyttenbach and P. A. Schubiger, Archaeometry 15(2), 1973, 199-207. 
[2] E. Paparazzo, Applied Surface Science 74, 1994, 61-72. 
$FNQRZOHGJPHQWV
This research work has been financed by the Portuguese Science Foundation (FCT-MCTES) through the 
project Early Metallurgy in the Portuguese Territory (PTDC/HIS-ARQ/110442/2008). S.S.G. acknowledges the 
FCT grant SFRH/BD/88002/2012.
Figure 1
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Glass Decorations of the Volga Region of the 10 –15th cc.: 
the Origin and Chronology.* 
Svetlana Valiulina 
 Kazan Federal University, 42 00 08, Pushkin Street, , 1/55,Kazan, Russia,E-Mail Address: svaliulina@inbox.ru 
It is now apparent that the chemical composition in combination with morphological and 
technological characteristics of glass products has exceptional sources capabilities and opens 
broad prospects for historical reconstructions. Based on the fact that the most objective and 
reliable data on the chemistry of glass can be obtained by using several complementary 
methods, the determination of the Middle Volga medieval glass products’ chemical 
composition was determined by use of X-ray analysis and scanning electron microscopy. 
Studies were carried out on auto-emission scanning electron microscope Merlin. Microscope 
is combined with spectrometer of energy dispersion INCA X-MAX. Resolution of the 
spectrometer is 127 eV. Detection limit is 1500-2000 ppm. Measurement accuracy is 0.01-1 
%, depending on the state of the investigated object. Shooting of the surface morphology was 
carried out at an accelerating voltage of 5 keV to increase the depth of field of the image. The 
analysis was performed at an accelerating voltage of 20 keV and the working interval of 9 
mm, to avoid the minimal errors. Probing depth is less than 1 micron. Analytical sample 
comprised of 85 samples of glass decorations from the Volga region major monuments.  
The results of a comprehensive analysis of the rich medieval glass collection of the Volga 
Region allowed highlighting four periods in the region’s history. The first period is the 9th – 
turn of the 10th -11th cc – is caused by the active processes of intercultural interaction on the 
Volga-Baltic trade route in the Viking Age, the formation of the state of Volga Bulgaria and 
the adoption of Islam by the state. The consequence of these processes was the selection of 
Volga Bulgaria as a priority eastern direction for cultural-economic ties. Apart from the Arab 
sterling silver, this time is marked by another international currency - the glass beads of the 
Middle East production. 
The second period covers the 11th century, when, as a result of so-called "silver crisis", 
eastern trade along the Volga became much weaker. At this time, with the establishment of 
Christianity in Russia, the influence of Byzantine culture expands to Eastern Europe and the 
interests of the empire extend to the rich fur markets of the Middle Volga and Kama Region. 
Among the materials of the 11th century, in Izmeri, Suvar, Bilyar, Bolgar, and other towns, 
Byzantine imported glass decorations dominated. Apart from the import of glass products at 
this time one can talk about the import of handicrafts as well – organizations of the subsidiary 
workshops of incomplete production cycle by the visiting Byzantine masters, with use of 
imported semi-finished products (Izmerskoe I selishche).  
The third period – from the mid-12th c. to the beginning of the 13th c. – is represented by the 
small number of glass decorations, mainly, by beads of Russian manufacture. 
The fourth period is the Golden Horde period – the mid-13th - early 15th cc. – is 
characterized by a total change of the paradigm of the region’s cultural development. One of 
the manifestations of this phenomenon appears a rise in popularity of glass jewelry, especially 
necklaces, pendants, rings. At this time, the Middle Volga region became one of the 
production centers of these products. 
*The reported study was partially supported by RFBR, research project № 13-06-00686 “Medieval Glass of the
Middle Volga Region as a Historical Source“. 
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$LUSROOXWLRQLPSDFWRQ0HGLWHUUDQHDQDUFKLWHFWXUDO
KHULWDJHEXLOWLQOLPHVWRQH
&RQVWDQWZDYHOHQJWKV\QFKURQRXVIOXRUHVFHQFHDQDO\VLVRI
3$+VLQEODFNFUXVWV
H. Hassoun(1), S. Foudeil(1), T. Lamhasni(1), S. Ait Lyazidi(1), M. Haddad(1),
A. Bonazza(2), N. Ghedini(2) and C. Sabbioni(2),
(1) Laboratoire de Spectrométrie des Matériaux et Archéomatériaux, URAC 11,  Université Moulay Ismail, 
Faculté des Sciences, Zitoune B.P. 11201, 50 000 Meknes MOROCCO. 
(2) Istituto di Scienze dell’Atmosfera e del Clima, ISAC-CNR, Via Gobetti 101, 40129 Bologna, Italy. 
The present work focuses on the analysis of polycyclic aromatic hydrocarbons (PAHs) 
mixture adsorbed in black crusts deposited on the façades of two couples of ancient 
Mediterranean monuments built in calcarenite. The first building couple belongs to Morocco; 
it consists in: i) the Burg al-klab tower of Salé dating back to the end of the 12th century and 
constructed during the Almohad period embodying Moroccan-Andalusian cross-influences, 
and ii) the Alqods Mosque of Casablanca (ancient Basilica Sainte Marguerite) dating back to 
the beginning of the 20th century. Both monuments are located near sea areas and just at few 
meters from traffic-bearing roads. The second building couple belongs to Italy; it consists in: 
i) the Cathedral of Milan whose construction started in the XIV century and ended in the
XIXth; it’s one of the most important and attractive edifices of Milan, and ii) Santa Maria del 
Fiore Cathedral in Florence (13th-19th century), part of one of the more important Italian 
monumental complexes. 
PAHs content of black crusts must be taken into account to establish intervention procedures 
and design security measures for workers protection during cleaning operations; PAHs are 
known mutagen and carcinogen. 
In the present work, black crusts were taken at different points on the surfaces of the 
buildings; PAHs were extracted by dissolving the crusts samples in acetonitrile. Constant 
wavelength synchronous fluorescence spectra were carried out at many ∆ λ offsets, from 7 to 
200 nm varied by 1 nm step; they permitted the identification of the sixteen most hazardous 
PAHs in the black crusts sampled on the investigated monuments. These substances were 
classified in seven groups according to their fluorescence peaks positions: i) Fluorene and 
Naphthalene appearing in the emission wavelength range 300 – 325 nm, ii) Acenaphthene 
appearing  in the emission wavelength range  325 – 350 nm, iii) Pyrene, Phenanthrene and 
Chrysene appearing in the emission wavelength range 350 – 375 nm, iv) Anthracene, Benzo 
(a) anthracene, and Dibenzo (a,h) anthracene appearing in the emission wavelength range 375 
– 400 nm, v) Benzo (a) pyrene, Benzo (b) fluoranthene, Benzo (k) fluoranthene, Benzo (g, h,
i) perylene and Fluoranthene appearing in the emission wavelength range 400 – 435 nm, vi)
Perylene appearing in the emission wavelength range 435 – 455 nm and vii)  Indeno (1, 2, 3 –
cd) pyrene appearing in the emission wavelength range 455-485 nm.     
Although the investigation is only qualitative, considering the remoteness of the studied 
buildings as well as the great difference between the north and south Mediterranean climates,   
the analogy of the identified PAHs groups in all historical sites implies that the origin of the 
organic pollution, by the hazardous PAHs, is very likely the same; the edifices are exposed to 
high traffics or located near a high traffics zone.  
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RI 5RPDQ PRVDLF SDYHPHQWV ORFDWHG DW WKH DQFLHQW
KLOORI3Q\NDWRZDUGVWKH $FURSROLVRI$WKHQV
(NDWHULQL)WLNRX 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(1) Materials Science & Engineering Department, NDT-Lab, School of Chemical Engineering, National 
Technical University of Athens, Zografou Campus, 157 80 Athens, Greece.
(2) Ministry of Culture, Directorate of Conservation of Ancient and Modern Monuments, (DCAMM), 
Pireos Str. 81, 105 53 Athens, Greece. 
The art and construction technique of mosaic pavements flourished during the roman 
period. As a result, in the historical center of Athens, surviving mosaic pavements can 
be found in several archeological sites. The awareness of increasing damage, which 
can lead to the irretrievable loss of cultural heritage, has resulted in a great effort for 
their preservation. Meaningful diagnosis is required for the comprehensive 
characterization, interpretation and rating of their condition. Non-Destructive Testing
and Evaluation (NDT&E) techniques can provide valuable data for materials and 
aging characterization, while the application of these techniques can further act as a 
promising tool for the monitoring of maintenance and conservation procedures in 
several cultural heritage inspections. Supplementary analysis of mortar samples was
performed to contribute to the characterization of the constituent materials and the 
function and technology of ancient pavements. 
In particular, mosaic pavements dated back to the Roman period, located on the 
ancient hill of Pnyka towards Acropolis of Athens, were investigated by means of
Infrared Thermography (IR-Thermo) and Ground Penetration Radar (GPR) 
techniques, assessing both the deterioration state and the conservation treatment 
previously applied on the aforementioned structures substrate. Moreover, samples 
from the substrate mortar were analyzed in the laboratory by means of advanced 
methods, such as Scanning Electron Microscopy (SEM), X Ray Diffraction (XRD) 
and Differential Thermal Analysis (DTA – TG).
The results from this study verified that Non-Destructive Testing techniques are very 
well suited for the inspection of mosaic pavements, providing information about the 
structural integrity of the mosaic and about its preservation state. The detection of 
large voids and discontinuities in the substrate is crucial for the correct weathering 
phenomena mapping and the compatible conservation planning, avoiding costly, time 
consuming and unsuccessful conservation interventions. On the other hand,
supplementary analysis of mortar samples contributes to the characterization of the 
constituent materials and the better understanding of decay factors. 
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'HJUDGDWLRQRI&HOOXORVLF0DWHULDOVE\ *DPPD5DGLDWLRQ
Klara Drabkova, Alena Hostasova, Katerina Salkova  and Michal Durovic 
 Department of Chemical Technology of Monument Conservation, University of Chemistry and Technology, 
Prague, Technická 5, Prague 6, Czech Republic
The process of cultural heritage conservation consists of several steps (e.g. material and 
technological investigation, disinfection or disinfestation, cleaning, conservation itself, 
suitable storage). Disinfection is one of the most important steps with regard to occupational 
health and safety and also in terms of cultural heritage preservation. 
Mainly organic materials such as textiles, paper, leather etc. are contaminated by moulds and 
bacteria. There are a lot of different disinfection methods – physical (e.g. gamma radiation, 
controlled atmosphere by N2 or CO2) and chemical ones (e.g. alcohols, aldehydes, quaternary 
ammonium compounds, ethylene oxide and silver nanoparticles) [1,2].
In this study we have focused on influence of gamma radiation on cellulosic materials. Two 
types of cellulosic substrates were tested – cotton and paper (filter paper Whatman 1 and 
handmade paper). Four doses of gamma radiation were chosen (approx. 2, 4, 6 and 10 kGy). 
The minimum lethal dosage for the most common species of fungi is 6 - 8 kGy [3].
Properties of samples were tested before and after artificial aging (80 °C, 65% relative 
humidity, 21 days) for irradiated and non-irradiated samples. As well as the post-irradiation
effect (2 years after irradiation) was studied. Changes of the state of degradation were 
determined by means of FTIR spectroscopy, viscometry, colorimetry, measurement of tensile 
strength, reflectivity measurement (factor K/S) and by distribution of molar weight (GPC).
The lethal dosage 6 kGy considerably affected the average degree of polymerization, 
meanwhile mechanical properties did not seem to be affected. This contribution presents 
correlations between non-destructive (FTIR, colorimetry and reflectivity measurement) and 
destructive (viscometry, tensile strength and GPC) methods of investigation.  
[1] McDonnell, G. Sterilization and Disinfection. Encyklopedia of Microbiology (Third Edition), 2009, 
p. 529 –    548
[2] Nittérus, M. Fungi in Archives and Libraries. Restaurator, 2000, vol. 21, no. 1, p. 25–40
[3] Horáková, H., Martinek, F. Disinfection of Archive Documents by Ionizing Radiation. Restaurator, 1984, 
vol. 6, p. 205–216
This work was supported by European Social Fund (ESF) and by state budget in ECOP programme (project 
VEPA - CZ.1.07/2.3.00/20.0236
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Analytical survey of pigment alteration in paintings by 
Norwegian artist Edvard Munch (18631944)
Jin Strand Ferrer(1) and Alyssa Hull(1)
(1) Munchmuseet, Tøyengata 53, 0578 Oslo, Norway 
Edvard Munch bequeathed his estate at Ekely and the entire inventory to the city of Oslo. The 
Munch Museum today administers 1150 paintings of the artist. On several paintings by 
Munch, various surface phenomena have been observed in connection with specific colors. 
This poses the question: How do we identify and understand these occurrences? These works 
are frequently in demand for loans and exhibitions; therefore, there is a greater need to 
understand and determine the stability of the pigments/paints used by Munch. 
Visual examination has been initially carried out on 39 paintings. Areas of interest have been 
documented with visible and UV photography. Based on visual examination, red lake 
pigments and synthetic blue pigments (including synthetic ultramarine, Prussian blue, and 
cobalt blue) appear to have undergone the most widespread alteration in some of Munch’s 
paintings. Phenomena observed include darkening and bleaching of blue pigments (sometimes 
in closely adjacent regions of paint on the same work), browning and fading of red lakes (seen 
as irregular spots in a monochrome paint stroke). Many of these alteration phenomena are 
already well-documented for ultramarine blue [1, 2], Prussian blue [3, 4], and red lake
pigments such as madder and brazilwood [5, 6, 7]. This poster will document the variability 
observed in the condition of Munch’s blues – ultramarine, cobalt, and Prussian – as well as 
his red pigments; in the visual and UV-light appearances of these areas; and in their 
composition, as studied by non-destructive and micro-analytical techniques (such as pXRF, 
FTIR-ATR, FT-Raman, and GC-IR). This investigation is part of a project to identify and 
characterize the pigments and paint materials in Munch’s works where alterations are 
observed. Where possible, additional samples will be removed for SEM-EDX analysis, in 
order to gain an understanding of the layer structures of the altered regions, and for HPLC 
analysis in the case of altered red lakes. 
[1] M. Wyld, J. Mills, J. Plesters. National Gallery Technical Bulletin 4, 1980, 48-63.
[2] J. Plesters. In Artists’s Pigments: A Handbook of Their History and Characteristics, 1993, 37-66. 
[3] J. Kirby, D. Saunders. National Gallery Technical Bulletin 25, 2004, 73-99. 
[4] L. Samain, G. Silversmit, J. Sanyova, B. Vekemans, H. Salomon, B. Gilbert, F. Grandjean, G.J. Long, R.P. 
Hermann, L. Vincze, D. Strivay. J. Anal. At. Spectrom. 26, 2011, 930-941. 
[5] D. Saunders, J. Kirby. National Gallery Technical Bulletin 15, 1994, 79-93.
[6] A. Burnstock, I. Lanfear, K.J. van den Berg, L. Carlyle, M. Carlyle, E. Hendriks, J. Kirby. In ICOM 
Committee for Conservation 14th triennial meeting, the Hague, 12- 16 September 2005. Preprints Volume I,
2005, 459-466.
[7] M. van Bommel, M. Geldof. E. Hendriks. Art Matters, Netherlands Technical Studies in Art, 3, 2005, 111-
137.
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;UD\IOXRUHVFHQFHVSHFWURVFRS\IRUWKHDQDO\VLVRIJO\SWLFV
D. Lauwers(1), A. Coccato(2), J. Mirao(3), P. Vandenabeele(2), A.Candeias(3), 
(1) Ghent university, Department of Analytical Chemistry, Raman Spectroscopy Research Group, S12, 
Krijgslaan 281, B-9000 Ghent (Belgium) 
 (2) Ghent University, Department of Archaeology, Archaeometry Research Group, Sint-Pietersnieuwstraat 35, 
B-9000 Ghent (Belgium)  
(3) University of Evora, School for Science and Technology, HERCULES Laboratory, Largo Marques de 
Marialva, 8, 7000-809 Evora (Portugal) 
In archaeometry, several studies are published demonstrating the advantages of using Raman 
spectroscopy combined with X-ray fluorescence spectroscopy such as on paintings, 
manuscripts, pottery, etc. [1-3]. In literature it is found that often only one of the two 
techniques is used for the investigation on lithic material such as stones and gemstones [4-6]. 
Here, we demonstrate for the first time the advantage of using both techniques for analysing 
engraved gemstones or glass materials (i.e. glyptics).  
The investigated lithic materials belong to the collection of the museum ‘Quinta das Cruzes’ 
in Funchal (Madeira, Portugal). A set of 64 glyptics was analysed by using different non-
destructive techniques (Figure 1). This collection contains antique Roman pieces (3rd century
BC-4th century AD), as well as more modern artifacts (16-19th century AD). The gemological
identification of these precious objects was obtained based on visual analysis of the artefacts.
Via scientific research, we want to confirm this identification.
These unique pieces were analysed by portable Raman spectroscopy and handheld X-ray 
fluorescence spectroscopy (hXRF). Raman analysis was performed by an EZRAMAN-I-
DUAL Raman system (Enwave Optonics ®). The fiber-optic-based device is equipped with 
two type of lasers, a red diode laser (785 nm, max. 400mW) and a green Nd:YAG laser (532 
nm, max. 100mW). XRF spectroscopy was executed using a Bruker Tracer III SD 
spectrometer with 40kV and 12.5μA and acquisition time of 60sec. Analytical data were 
acquired using S1PXRF software (Bruker, version 3.8.30).
Figure 1. (a) overview of the glyptics collection at display in the museum ‘QuintDGDs Cruzes’ in Funchal (0DGHLUD3RUWXJDOE
SRUWDEOH5DPDQVSHFWURVFRS\&KDQGKHOG;5)H[SHULPHQWV
Both techniques contributed to the discrimination between the antique Roman glass 
specimens and the modern ones. Raman spectroscopy gives information about the molecular 
composition as well as the crystalline phases present e.g. CaCO3, non-methylated polyene, 
etc. On the other hand, hXRF results show that the antique Roman glass encounter a typically 
high amount of Na. Therefore, based on Na/Si and K/Si ratios it was possible to discriminate 
between the two periods. 
[1] L. Van de Voorde, J. Van Pevenage, K. De Langhe, et.al., Spectrochimica Acta Part B 97, 2014, 1-6.
[2] A. Duran, M.L. Franquelo, M.A. Ceteno, et.al., Journal of Raman Spectroscopy 42 (1), 2011, 48-55.
[3] L. Van de Voorde, M. Vandevijvere, B. Vekemans, et.al., Spectrochimica Acta Part B 102, 2014, 28-35. 
[4] J. Dong, Y. Han, J. Ye, Q. Li, S. Liu and D. Gu, Journal of Raman spectroscopy 45, 2014, 596-602.
[5] T. Katsaros, T. Ganetsos, Archaeology 1(2), 2012, 7-14.
[6] O. Williams-Thorpe, P.J. Potts, P. C. Webb, Journal of Archaeological Science 26, 1999, 215-237.
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R. Debastiani(1), R. Simon(1), S. Heißler(2), A. Wähning(3), M. Meinen(4), P.
Henrich(4) and T. Baumbach(1)
(1) Karlsruhe Institute of Technology, IPS – ANKA, Hermann-von-Helmholtz-Platz 1, Eggenstein-Leopoldshafe, 
Germany 
(2) Karlsruhe Institute of Technology, IFG, Hermann-von-Helmholtz-Platz 1, Eggenstein-Leopoldshafe, 
Germany 
(3) Badisches Landesmuseum Karlsruhe, Gemälde-Skulpturenwerkstatt, Karlsruhe, Germany 
(4) Generaldirektion Kulturelles Erbe, Niederberger Höhe 1, Koblenz, Germany 
The analysis of Roman mural paintings helps to answer questions about the pigments used as 
well as their origin, besides the techniques used in the painting and any possible alteration 
during the centuries.    
Fragments with green, yellow and red pigments from south Germany are being analyzed with 
non-destructive techniques. The fragments are from Wössingen [1], Koblenz, Mendig, 
Mülheim-Kärlich [2] and Weißenthurm, and are being analyzed with micro X-ray 
fluorescence spectroscopy (µ-XRF) at ANKA – FLUO beamline and infrared spectroscopy 
(IR) at IFG, at Karlsruhe Institute of Technology.  
Analyses of Wössingen’s fragments with IR show the presence of calcium carbonate, gypsum 
and water in the samples. The analyses of XRF give us the elements present in the sample, as 
As, Ca, Cu, Fe, Hg, K, Mn, Pb, Rb, S, Sr, Zn and Zr. Since the analyses of fragments from 
Wössingen were performed in the surface of the fragments, our results are a superposition of 
the pigments and the stone. The results show a bigger concentration of iron for the red and 
green pigments, indicating the presence of earth pigments (red ochre and green earth). The 
analyses of the fragments from other regions are being performed in the edge of the sample, 
which allowed us to distinguish between the pigments and the stone. In the case of Mülheim-
Kärlich, the first results show the high concentration of Pb in the region of the red pigment 
(red lead). Further analyses with the fragments of the remaining regions are being performed, 
and XRD experiments will complement the study.  
[1] Frank Olheide, “Der Keller der römischen Villa von Wössingen, Gewann „Frühmeßgärten“”. University of 
Freiburg, 1994.
[2] Rüdiger Gogräfe, “Die Geburt der Venus – eine Malerei aus der Villa rustica „Im Depot“ bei Mülheim-
Kärlich”.Rheinisches Landesmuseum Trier, 1997, 247-275.
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Non-destructive testing to track Cyclododecane 
Crystallization and the Effects of Crystal Formation on 
Fragile Porous Substrates 
Nicole Peters (1), Aaron Shugar (1), Lucy Skinner (1) and Rebecca Ploeger (1) 
(1) Buffalo State Collage, United States 
Cyclododecane is used extensively in the field of archaeological conservation as a temporary 
consolidant applied to fragile substrates during artifact excavation. Concern has been 
expressed that the growth, fluctuating size, and re-deposition of cyclododecane crystals on 
and within the fragile porous substrate may exert pressure within pores and cracks, causing 
micro-damage to the artifact that it is meant to be supporting. Non-destructive investigations 
were carried out using Scanning electron microscopy and confocal microscopy to characterize 
the surface morphology and porosity of the painted plaster mockups and to observe any 
damage that the CDD crystals may have caused to the porous substrate. Findings suggest that 
cyclododecane application is altering the original surface of the plaster samples by widening 
pre-existing cracks, altering particle morphology, and inducing minor changes in the overall 
topography. It does not appear to create new texture to the plaster nor does it appear to cause 
new or original cracks in the substrate. 
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Skrdlantova Marketa, Drabkova Klara, Krejci Jan and Kotlik Petr 
Department of Chemical Technology of Monument Conservation, University of Chemistry and Technology, 
Prague, Technická 5, Prague 6, Czech Republic
Historical and mainly archaeological textiles are vulnerable to biodeterioration. The 
biodeterioration of textile materials cannot be considered in isolation, it occurs with other 
physical and chemical deterioration processes. There are many chemical and physical 
methods of disinfection or disinfestation. Silver nanosuspensions seem to be one of new 
possibilities to protect the historical objects from biological attack. The silver 
nanosuspensions can be prepared by reduction from the silver nitrate solution or by 
electrolysis. [1, 2] 
This contribution (poster) deals with the influence of silver nanosuspensions (disinfection 
agents) on silk degradation. Three types of silver nanosuspensions were tested. One of them 
was a commercial product prepared by electrolitic method (US Research Nanomaterials) and 
two nanosuspensions were prepared at J. Heyrovsky Institute of Physical Chemistry of the 
ASCR by different reduction systems (borohydride and xylose).  
Tested agents were applied by immersion of silk samples into water suspensions of silver 
nanoparticles. The biocide efficiency was tested on three types of molds (Cladosporium, 
Aspergillus niger, Penicillium brevicompactum).   
To study the degradation of silk various methods of artificial aging were used. The influence 
of tested nanosuspensions on silk degradation was evaluated by measurements of colorimetry, 
viscometry and FTIR spectroscopy.  
From the gained results it is possible to say that efficiency of tested nanosuspensions is 
function of their concentration, particle size and the method of preparation.   
[1] Tímár-Balázsy, Á., Eastop, D. Chemical principles of textile conservation. 1st ed. Oxford: Butterworth-
Heineman, 1998. ISBN 0-7506-2620-8. 
[2]McDonnell, G. Sterilization and Disinfection. Encyklopedia of Microbiology (Third Edition), 2009, p. 529-
548. 
This study was supported by the Ministry of Culture of the Czech Republic in the framework 
of the Project DF11P01OVV012. 
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,GHQWLILFDWLRQRI$UW0DWHULDOVE\1RQLQYDVLYH5HIOHFWLRQ
)7,5±'R:H5HDOO\1HHG6SHFLILF'DWDEDVHV"
Wilfried Vetter, Manfred Schreiner 
Institute of Science and Technology in Art, Academy of Fine Arts Vienna, Schillerplatz 3, 1010 Vienna, Austria. 
FTIR spectroscopy is one of the most powerful tools for the analysis of art materials, 
particularly in combination with complementary techniques such as x-ray fluorescence 
(XRF), Raman or UV/Vis spectroscopy. The availability of comprehensive reference 
databases, e.g. IRUG [1], which usually contain spectra derived from transmission 
measurements, is the basis for a successful identification of materials. In response to growing 
demands for non-destructive analytical techniques, reflection-FTIR became more popular in 
the last decade. As reflection spectra result from different physical processes compared to 
transmission spectra, their direct comparison is not possible. Therefore, the question arises, 
how to evaluate the reflection spectra with maximum information. Based on five years of 
experience, we found that the calculation of absorption index spectra from the reflection data 
by Kramers-Kronig transform (KKT) often allows a successful search in transmission-FTIR 
databases [2]. However, in several cases KKT did not yield useful results, as KKT is only 
valid for specular reflection. The contribution of diffuse reflection, which mainly results from 
surface irregularities and various material properties such as particle size or distribution of the 
materials in the paint layer matrix, is not considered at all.  
In our contribution we discuss the results for several traditional organic and inorganic 
painting materials on illuminated manuscripts, watercolors and oil paintings and compare the 
applicability of the IRUG transmission-FTIR database to a self-built reflection-FTIR 
database. A mobile reflection-FTIR instrument with DTGS-detector was available for the 
investigations, which allows non-invasive analysis in the range of 4000-375 cm-1.
Complementary XRF and (partially) reflection-UV/Vis spectroscopy were performed to 
obtain reliable results. 
Among the materials frequently used for the objects analyzed, KKT yielded absorption index 
spectra almost similar to transmission spectra in case of several oxyanion pigments and 
silicates, in particular lead white, barium sulfate, calcite, malachite, brochantite, emerald 
green, barium yellow, bone black, ultramarine, and kaolinite, as well as organic materials 
such as indigo, gamboge, Indian yellow, drying oil, calcium soaps, waxes, proteins, and 
cellulose. In contrast to these results, azurite, chrome yellow, zinc yellow and Prussian blue 
could be identified already by comparing their raw spectra with the IRUG database, although 
KKT did not provide useful results. The reflection spectra of these pigments show 
characteristic features at similar wavenumbers as the transmission spectra. In case of viridian, 
the characteristic fingerprint is in a range below 600 cm-1, which can be detected by our 
instrumentation, but which is not considered in the IRUG database.
Concluding these experiences it should be mentioned that reflection-FTIR is a useful tool for 
the identification of a variety of traditional organic and inorganic paint materials, even 
without using a specific reflection database.
[1] www.irug.org
[2] W. Vetter, M. Schreiner. e-PRESERVATIONScience 8, 2011: 10-22. 
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WHFKQLTXHRIWKHZRRGHQIUDPHVLQ6LFLO\
Mauro Sebastianelli(1), Rachele Lucido(2), Bartolomeo Megna(3), Claudia 
Pellerito(4)
(1) Museo Diocesano di Palermo – Università degli Studi di Palermo, Laboratorio di restauro, via Matteo 
Bonello n. 2 - 90134 Palermo, maurosebastianelli@hotmail.com
(2) Restauratore di Beni Culturali
(3) Dipartimento di Ingegneria Civile, Ambientale, Aerospaziale, dei Materiali (D.I.C.A.M.), Scuola Politecnica,
Università degli Studi di Palermo
(4) Dipartimento di Fisica e Chimica, Scuola delle Scienze di Base e Applicate, Università degli Studi di 
Palermo
Nowadays artworks traditionally included in the category of applied or decorative arts are 
considered at the same level of fine arts getting over the old definition of minor art. 
According to this consideration an increasing number of studies and paper deal with such 
objects of arts and the observatory for decorative arts in Italy “Maria Accascina” (OADI) was 
settled within the university of Palermo in order to study them.
Nevertheless mostly studies deals with artistic and historic issues of applied arts and just few 
concern with the technique used, at least in the southern part of Italy. This paper is a 
systematic research concerning the constitutive materials and technique of wooden frames 
production in Sicily, a kind of artworks usually underrated and neglected so that frames are
often substituted or modified. 
As the frames are works of arts themselves as well as complements of their paintings, in this 
paper an exploration of several different types found in Sicily has been performed in order to 
better understand the evolution, over the centuries, of shapes, functions, technical
characteristics and ornamental models. As regards the study of constructional keys, it has 
been performed: the identification of wooden species used, by means of optical microscopy; 
the classification of types of joint, represented by means of CAD software; the recognition of 
wooden elements anatomical direction, assembling modes, machining tools and anchorage 
tools. As regards the study of surface decoration, an investigation of the constitutive materials
and the use of different techniques have been investigated, e.g. gilding, polychromy, turtle 
and ivory decoration, finishing layers as lacquers, varnishes and resins, has been performed. 
The use of Scanning Electron Microscope coupled with X-Ray microanalysis allowed to 
study the complex stratigraphy of frames decoration, identifying preparation layers, pigments, 
gold and confirming the high value of such “artistic wonders”.  
Eventually all data obtained in this study coupled with a full photographic and graphic 
documentation of all the frames, have been entered in a properly designed technical data file.
This record acts both as the starting (the cognitive tool) and ending (the recording method) 
point of the research work. 
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Rebecca Ploeger(1), Aaron Shugar(1) and Scott Selin(2)
(1) Buffalo State, SUNY, Art Conservation Department, 1300 Elmwood Ave, Rockwell Hall 230, Buffalo, NY, 
14222, USA 
 (2) CJS Architects, 755 Seneca St, Buffalo, NY, 14210, USA 
The Graycliff Estate in Derby N.Y., was designed by famous American architect Frank Lloyd 
Wright in the late 1920s for Isabelle R. Martin, the wife of the Buffalo N.Y. industrialist, 
Darwin Martin. During the recent interior restoration of the estate, fragments of what was 
believed to be original resiliant floor tile were found under the baseboard in both the kitchen 
and adjoining pantry. Correspondence between Frank Lloyd Wright and the Martin’s during 
the creative design stages of the house suggested the use of rubber tiles, but in subsequent 
renovations they had been removed and replaced with more modern floors.  
This paper will describe the microanalysis of the floor tile fragment, using pyrolysis-gas 
chromatography – mass spectrometry (py-GC-MS), FTIR spectroscopy – attenuated total 
reflectance (FTIR-ATR), and x-ray fluorescence (XRF).  It was found to be a natural rubber 
floor tile with the correct additive composition of the time period. This is a unique and 
exciting collaborative case study. From an architectural point of view, the current interior 
restoration campaign is to bring the house, as close as possible, to its original state from 1929,
thus the chemical analysis of the floor tile was important for the materials decision making 
process.  From a cultural heritage and science view, the tile was a ideal example of an early 
natural rubber object with limited chemical degradation.
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painting’s stratigraphic distribution RISLJPHQWV
F. Mederos-Henry(1), A. Camacho(2), J.L. Ruvalcaba-Sil(3)
(1) Institute of Condensed Matter and Nanosciences (IMCN), Division of Molecules, Solids and Reactivity 
(MOST), Place Louis Pasteur 1, Université catholique de Louvain, Louvain-la-Neuve, Belgium. 
(2) Escuela de Conservación y Restauración de Occidente (ECRO), Analco No. 285, Guadalajara, Mexico. 
(3) Instituto de Física, Universidad Nacional Autónoma de México, Circuito de la Investigación Científica s/n 
México, DF, Mexico.
Determining the composition and stratigraphic distribution of an easel painting’s layered 
constitutive materials is of utmost importance for art historians and conservation-related 
specialists. A wide range of non-invasive analytical techniques can nowadays be used to infer 
or determine a painting’s material composition. Whatsoever, the stratigraphic distribution of 
its constitutive materials can only be determined by means of optical or electronic microscopy 
techniques which require micro-sample extraction as well as time-consuming sample 
preparation and analyses. 
X-Ray fluorescence is currently one of the most widespread analytical techniques for the 
elemental characterization of painting materials in the field of conservation science [1]. Its 
application to pigments’ stratigraphic distribution studies was briefly explored by Neelmeijer 
et al. [2], concluding that only limited information on the pigment arrangements in layers and 
admixtures of painting materials could be obtained with this technique.  
We have nonetheless devised a methodological innovation in which the XRF analyses are 
performed at varying irradiation-detection geometries (XRF-vIDG). This modification 
induces changes in the optical paths of the primary and secondary fluorescent X-rays allowing 
to retrieve information on the actual stratigraphic distribution of the pigment materials (see 
,PDJH ). The XRF-vIDG methodology was tested on a variety of controlled-composition 
paint layer arrangements as well as on a XVIIIth-century Mexican anonymous painting. The
obtained results clearly outlined this methodological variant’s potential advantages and 
inherent limitations, proving that it could be used as a non-invasive tool for the study of an 
easel painting’s stratigraphic distribution of pigments.
,PDJH Illustration of the XRF-vIDG principle inducing changes in the optical paths of the primary and 
secondary fluorescent X-rays penetrating a layered vermillion/lead white paint structure. 
[1] M. West, A.T. Ellis, P.J. Potts, C. Streli, C. Vanhoof and P. Wobrauschek, J. Anal. At. Spectrom., 2014, 
1516.  
[2] C. Neelmeijer, I. Brissaud, T. Calligaro, G. Demortier, A. Hautojärvi, M. Mäder, L. Martinot, M. Schreiner, 
T. Tuurnala and G. Weber, X-Ray Spectrom, , 2000, 101.  
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WZR DQWLJUDIILWL FRDWLQJV DQG D JUDQLWH
P.M. Carmona-Quiroga(1)*, M.T. Blanco-Varela(1), I. Sobrados(2) and
S. Martínez-Ramírez(1,3)
(1) Instituto de Ciencias de la Construcción Eduardo Torroja (CSIC), C/ Serrano Galvache 4, 28033 Madrid,
Spain
(2) Instituto de Ciencia de Materiales (CSIC), C/ Sor Juana Inés de la Cruz, 3, 28049 Madrid, Spain
(3) Instituto de Estructura de la Materia (CSIC), C/Serrano 121, 28006 Madrid, Spain
* Present address: School of Geography and the Environment, University of Oxford, Dyson Perrins Building,
South Parks Road, Oxford, OX1 3QY, United Kingdom
Graffiti, deliberate marking of the surfaces with mainly paints and pens, is a new threat and
new challenge for the conservation of Cultural Heritage. They are especially pernicious and
not only because of visual impact but also because of the current cleaning procedures,
chemical and physical-mechanical, have deleterious effects. Alternative options such as
protective coatings, known as anti-graffiti, could arise to solve this problem by preventing
paints and pigments from adhering to the stones. Nonetheless, information of these treatments
performance, durability, interaction and compatibility with the substrate, which is still limited,
is needed to know before their safely application on cultural heritage objects.
In this study the possibility of chemical interactions (chemical bonding) between two anti-
graffiti coatings, a Zr-Ormosil and a water-based fluoroalkylsiloxane, and a granite which
may affect both the effectiveness of the treatments and substrate durability [1,2] was
evaluated through NMR MAS spectroscopy of 29Si and 1H nucleus. Ground granite, between
WRȝPZDVFRDWHGZLWKWKHWZRDQWLJUDIILWLWUHDWPHQWVE\LPPHUVLQJDQGVWLUULQJLQ
two concentrations.
The 296L0$6105VSHFWUXPIRUJUDQLWHLVFKDUDFWHUL]HGE\WZRUHVRQDQFHVDWíDQGí
ppm assigned to Q4 units from feldspars and quartz, respectively. After the spectrum
deconvolution, Q3 units which are more influential on the reactivity of the substrates [1] have
been also identified at -89 ppm and the percentage of both types of units quantified (11.7%
(Q3) and 73.4% (Q4)). Following the application of the treatments (which is scarce according
to thermogravimetry results, <1 wt.%), no main disturbance in granite signals is observed
being kept constant the relation between Q3 and Q4. Therefore, the existence of chemical
interaction between the stone and two products was not revealed by 29Si NMR.
1H NMR just provided information relative to the superior capacity of coating of Ormosil by
changing the spectrum of granite, unlike the water-based fluoroalkylsiloxane.
Both treatments have coating properties without changing the main composition of the
granite.
[1] E. Zendri, G. Biscontin, I. Nardini, S. Riato, Characterization and reactivity of silicatic consolidants, Constr.
Build. Mater. 21 (5), 2007, 1098–1106
[2] J. Brus, M. Skrdlantova, 1H MAS NMR study of structure of hybrid siloxane-based networks and the
interaction with quartz filler, J. Non-Cryst. Solids 281 (1–3), 2001, 61–71.
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Giuseppe Bonifazi(1), Giuseppe Capobianco(1), Fernanda Prestileo(2)
and Silvia Serranti(1)
(1) Dipartimento di Ingegneria Chimica Materiali Ambiente Sapienza – Università di Roma, Via Eudossiana, 18 
00184 Rome, Italy 
(2) Istituto per la Conservazione e la Valorizzazione dei Beni Culturali – Consiglio Nazionale delle Ricerche, 
Via Salaria km 29,300, CP 10, 00015 Monterotondo S. (RM), Italy 
The possibility to perform a full characterization and identification of pigments in pictorial 
layers represents one of the most challenging targets in the field of cultural heritage, 
especially if their fulfillment is achieved setting up not invasive and not destructive analytical 
procedures. In this perspective, HyperSpectral Imaging (HSI) based sensing architectures, 
acting in the VIS-NIR and SWIR wavelength ranges, can represent an important diagnostic 
tool to realize the monitoring of paintings, as well as to evaluate their preservation status [1].  
The goal of this study is to evaluate the alteration of different pictorial layers, as resulting 
from the combination of different supports, pigments and binders, according to different 
irradiation times. Starting from the result of recent studies [2], 6 pigments were thus mixed 
(i.e. red ocher, yellow ocher, chrome yellow, mineral blue, cobalt green and malachite) with 
four different binders (i.e. Arabic gum, gouache, egg tempera, and linseed oil), applying them 
on two different media (i.e. wood and canvas). The resulting samples have been aged in solar 
box and acquired at different aging times. Surface spectra of each sample were then acquired 
in VIS-NIR and SWIR ranges.  
Starting from the collected information (i.e. hypercube) chemometric techniques have been 
utilized to extract and handle pictorial layers information. The sequential application of 
Principal Component Analysis (PCA) and Partial Least Square-Discriminant Analysis (PLS-
DA) was then applied in order to study the pictorial layers spectra variations linked to the 
effects of the applied aging cycles. The sensing architectures have been designed and 
implemented, both at hardware and software level, in order to perform both in-situ (i.e. 
directly where the painting is) and ex-situ (i.e. at laboratory scale) analyses. 
The results showed as the developed modelling procedure allows to correctly predict sample 
characteristics and composition. Furthermore, it is objective, rapid and non-destructive. The 
implementation of such approach could allow to perform a full monitoring of the state of 
conservation and/or the characterization of materials and/or supports not easy to assess with 
conventional techniques. 
[1]G., Capobianco, G., Bonifazi G., Prestileo F., Serranti S., 2014, Pigment identification in pictorial layers by 
HyperSpectral Imaging, Proceedings of SPIE, Conference on Advanced Environmental, Chemical and 
Biological Sensing Technologies XI, Book Editor(s): VoDinh T., Lieberman RA, Gauglitz G., Book Series:, 
Volume 9106 Article Number 91060B, DOI: 10.1117/12.2049941, Baltimore, USA, MAY 5-9, 2014 
[2] K.A., Dooley, S., Lomax, J.G., Zeibel, C., Miliani, P., Ricciardi, A., Hoenigswald, M., Loewb, J.K., Delaney, 
2013, Mapping of egg yolk and animal skin glue paint binders in Early Renaissance paintings using near infrared 
reflectance imaging spectroscopy, Analyst Chemical Society, 138, 4838-4848, ISSN: 0003-2654 
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Materials Science Institute of Seville (CSIC-Sevilla University), Americo Vespucio 49, 41092 Seville, Spain
This work suggests a new way of differentiation of natural or synthetic origin of inorganic 
materials used through History in the field of Cultural Heritage. An exhaustive review of 
different reported procedures of synthesis of pigments is made, as well as the accompanying 
minerals in case of natural ones. The identification of traces of accompanying minerals in the 
case of natural pigments, the characterization of elements present as part of   synthesis by-
products or washing/purifying reagents and/or reactants only partly removed in the final steps 
of these processes have been performed.  The study was carried out on different pigments 
(mainly red ones due to the complexity of mixtures) and supports in the cross sections 
prepared from small samples. Different masterpieces from Roman wall paintings, Spanish 
gothic period and Andalusian Baroque (17th and 18th
The analytical techniques used have been: SEM-EDX, optical microscopy, micro-FTIR and 
micro-Raman spectroscopy. With regards to red or ochre pigments containing Fe it should be 
said that Ca and/or S and sometimes K are usually found as by-products from the synthesis of 
Mars red. Mostly CaSO
 centuries) have been studied.  
4 if the alkali used was Ca(OH)2 or K2SO4 if the alkali was KOH 
(Mars colours) or either a mixture of CaCO3 and  CaSO4 which can be identified by the lower 
rate of S in the microanalysis in case of venetian red obtained by mixing FeSO4 and CaCO3.
Al is also identified due to the use of potassium alum as reagent in the synthesis of Mars Red. 
When iron oxide pigments occur together with red lake, Al is present as the support of the 
lake, Al (OH)3. Sometimes K is also present as reagent in the preparation of the lake. If the 
lake is carmine lake from cochineal, certain amount of calcium is also present: carmine lake is 
the aluminium-calcium salt of carminic acid. The presence of Al and Ca allows the 
identification of carmine lake from other red lakes. Nevertheless, when synthetic iron oxides 
occur together with the lake the average amount of calcium increases notably which indicates 
that part of this Ca is due to the Fe pigment. Ba and S accompanying Fe indicates the use of 
Ba (OH)2 in the preparation of the iron oxide instead of Ca(OH)2 what settles even more the 
synthetic nature of the pigment. Presence of Cl with Fe in a yellowish ochre pigment helps to 
characterize Mars yellow obtained by reaction of FeCl3 and Ca(OH)2
Natural lazurite showed presence of pyrite no present in artificial pigment. Egyptian blue and 
other blue pigments were characterized. Celadonite and chromium found suggested that the 
green earth was constituted by celadonite in Roman wall paintings coming from caves near 
Verone. The chromium oxide is also responsible for the observed green colour. Other green 
pigments were constituted by green earth, mixed with precious pigments, such as Egyptian 
blue and Egyptian green. 
. As far as red lead 
concerns, a lot of cases of K occurring together with Pb have been reported in our studies. 
The cinnabar appeared accompanied by pyrite, quartz, calcite, estibine and clay minerals. The 
presence of K together with S should indicate a synthetic pigment (vermilion) obtained by 
wet/dry method. Nevertheless, K has been scarcely found in vermilion present in our samples.
In the case of red lead K always appears because the removal of the alkali as washing agent it 
is quite easy in vermilion contrary to the case of red lead. The presence of Sn would indicate 
vermilion from dry process. Dried and wet vermilion are easy to be distinguished by 
microscopy. The lead oxide present in cinnabar/vermilion has been detected by the spectral 
lines of Pb Mγ and Pb Mα and Pb Mβ and not presence of carbonates by micro FTIR.
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Santos(1,5)
 (1) INFN-LNS, Via Santa Sofia 62, 95123, Catania 
(2) INFN, Sezione di Catania, Via Santa Sofia 64, 96123 Catania 
(3) Museo Archeologico Regionale “Paolo Orsi”, Via Teocrito 66, Siracusa 
(4) IBAM-CNR, Via Biblioteca 4, 95124 Catania 
 (6) Instituto de Física – Universidade de São Paulo – SP – Brasil 
The coin collection belonging to the “Paolo Orsi” Archeological Museum in Syracuse 
contains more than 9000 coins circulated in Sicily (and in south Italy) from the Greek period 
up to the unification of Italy. The coins have been discovered during archeological 
excavations or they were acquired by the Museum from private collections. This large variety 
of specimens offers a unique opportunity to investigate the coinage in the Mediterranean area 
through different historical times.  
In the present work, we present the preliminary results of a nondestructive survey on the 
silver and gold coins belonging to the Museum, by applying the alpha-PIXE, XRF, low 
energy micro-XRF and XRD techniques. The use of these portable X-ray based techniques 
was aimed to investigate different aspects in the samples under measurement. In particular we 
determined: i) the surface composition (PIXE analysis) for evidencing the presence of surface 
enrichments in the coins; ii) the surface (and in-depth) homogeneity of the coins by 
performing a linear scansion with a low/high energy micro-XRF spectrometer; iii) the 
determination of the degradation processes in some samples by analyzing the corrosion and 
oxidation patinas with the XRD technique; iv) the quantitative composition of the coin alloy 
(major, minor and trace elements) by applying a conventional XRF analysis. The 
compositional data of the coins were used to perform a cluster analysis and a principal 
components analysis. The research allowed obtaining information on raw materials, 
manufacturing technology, provenance, conservation state and authenticity.  
At the present time, about 300 coins were analyzed. Some coins were selected based on the 
archeological site of discovery, the mint and the period of production.  Results allowed some 
new insights in numismatics research topics concerning: i) the production and circulation of 
silver coins in the Greek Sicily between the IV to the II century b.C.; ii) the production and 
circulation of gold coins from the Hellenistic period up to the Arab and Norman domination. 
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Neolithic and Copper Age pottery from the Trieste Karst: 
a multi-analytical approach 
Federico Bernardini(1, 2), Angelo De Min(3), Davide Lenaz(3), Ariadna Mendoza 
Cuevas(1, 4), Alessandra Gianoncelli(5), Diego Dreossi(5), Claudio Tuniz(1, 2), and 
Manuela Montagnari Kokelj(6) 
(1) Multidisciplinary Laboratory, The “Abdus Salam” International Centre for Theoretical Physics, Strada 
Costiera 11, 34014 Trieste, Italy. 
(2) Centro Fermi, Museo Storico della Fisica e Centro di Studi e Ricerche "Enrico Fermi", Piazza del Viminale 
1, 00184 Roma, Italy.
 (3) Department of Mathematics and Geosciences, University of Trieste, Via Weiss 8, 34127 Trieste, Italy. 
(4) Archaeometry Laboratory, Havana's Historian Office, University of San Geronimo, Habana Vieja, Cuba. 
(5) Elettra-Sincrotrone Trieste S.C.p.A., Strada Statale 14 km 163.5 in AREA Science Park, 34149 Basovizza, 
Trieste, Italy. 
(6) Department of Humanistic Studies, University of Trieste, Via Principe di Montfort 3, 34124 Trieste, Italy. 
About 40 Neolithic and Copper Age pottery vases from caves of the Trieste Karst (north east 
Italy) have been studied to define their production technology and origin (local vs. non local 
production). All of them have been characterized through non-destructive X-Ray Computed 
Microtomography and Portable X-ray Fluorescence at the Multidisciplinary Laboratory of the 
“Abdus Salam” International Centre for Theoretical Physics [1]. When possible, small 
samples have been taken to perform X-Ray Diffraction analysis and to produce thin sections 
to be observed via polarizing microscope at Trieste University. In addition, selected samples 
have been analyzed by Electron Microprobe. 
Most of the samples (Group 1) are made from clay mixed to abundant rhombohedral calcite 
fragments of variable size (Fig. 1) probably obtained by grinding spelothems. Such mineral is 
very common in the karstic environment. On the contrary, a few pottery vases (Group 2) are 
characterized by absence of calcite and presence of fine-grained silicate minerals (probably 
plagioclase and muscovite). PCA analyses on the XRF spectra confirm the presence of two 
groups.   
The Group 1 probably was produced with raw material of local or close origin, while the 
Group 2 artifacts were imported from non-karstic regions.  
[1] Tuniz, C. et al., 2013, The ICTP-Elettra X-ray laboratory for cultural heritage and archaeology, Nucl. Instr. 
Meth. Res. A, 711, 106-110. 
Figure 1: MicroCT-based rendering 
in upper view (A) and trasversal 
virtual slice (B) of a Copper Age 
Ljubljana type cup from Trieste 
Karst. Scale bar: 5 cm. 
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THz pulse-echo imaging of Japanese wall painting 
K. Fukunaga1), Y. Kohdzuma(2), M. Inuzuka (3) and T. Tateishi(4)
(1) National Institute of ICT, Tokyo 184-8795, Japan 
 (2) Nara National Research Institute for Cultural Properties, Nara 630-8577, Japan  
(3) Tokyo National Research Institute for Cultural Properties, Tokyo 110-8713, Japan 
(4) Agency for Cultural Affair, Tokyo 100-8959, Japan 
Imaging technique using the frequency band in terahertz (THz) region (0.1 to 10 THz) has 
become an emerging topic in heritage science [1,2]. The biggest advantage of THz imaging is 
the nondestructive depth profiling by using THz pulse-echo. The THz pulse can penetrate into 
opaque materials, and generate a reflection pulse sequence at internal interfaces which 
corresponds to the internal layers along the depth direction. Wall paintings, however, are 
commonly made of mortar with particles of sand which often disturbs propagation of THz 
pulses by scattering, so that the use of lower frequency has been proposed [3].
The mortar used in historic Japanese wall painting does not contain coarse sands. It was 
painted directly on the stone, and its thickness is around 5 mm or less. Therefore we expected 
that the THz imaging is applicable to observe the internal structure. Fig. 1 shows examples of 
THz imaging results obtained with the west wall of Takamatsuzuka tumuls (ca. 700 CE) 
which was partially treated with acrylic resin. Fig. 1 (b) shows the THz reflection image of 
the area shown Fig. 1(a). Dark spots appeared not only from the defect hole, but also 
relatively smooth area. The previous acrylic treatment area, shown as shaded parts in Fig. 1(c) 
agrees the dark spots in THz image. We consider that the acrylic resin absorbs THz pulses, 
resulting in low reflection. The cross section image along the dotted line in Fig. 1(c) revealed 
the existence of separation between the preparation layer and the base stone.  These results 
suggests that THz imaging is useful for Japanese wall painting and we compare THz images 
obtained by other walls in the discussion. 
Fig. 1 Observation of Japanese mural painting by THz time-domain imaging, (a) visible image, (b) THz area 
image: highest reflection in this area is set to white 100%, (c) map of previous treatments, (d) cross section along 
the dotted line in (b). 
References:
[1] K. Fukunaga et al., "Terahertz time domain imaging for cultural heritage", Insight - Non-Destructive Testing 
and Condition Monitoring, Vol. 53, pp. 142-146, 2014.
[2] M. Picollo, et al, "Obtaining Non-Invasive Stratigraphic Details of Panel Paintings Using Terahertz Time 
Domain Spectroscopy Imaging System", Journal of Cultural Heritage, Elsevier, 2014. 
[3] A. Doria et al., "A Millimeter Wave/Terahertz 3D Scanner for Wall Painting Investigation", Proc. IRMMW-
THz 2014, No. M5-P1.6, 2014. 
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H.C. Santos(1,2), C. Caliri(1), R. Catalano(1,3), G. Mascali(1,6), A. Orlando(1,4), L. 
Pappalardo(1,5) F. Rizzo (1,6), and F.P. Romano(1,5)
(1) INFN-LNS, Via Santa Sofia 62, 95123, Catania 
(2) Instituto de Física – Universidade de São Paulo – SP – Brasil
 (3) INFN-Sez. di Catania, Via Santa Sofia 64, 95123, Catania 
(4) INAF-OACT, Via Santa Sofia 78, 95123, Catania 
(5) IBAM-CNR, Via Biblioteca 4, 95124 Catania 
(6) Università di Catania, Dipartimento di Fisica e Astronomia, Via Santa Sofia 64, 95123, Catania 
Historical enamels can be analyzed with success by combining the PIXE and XRF methods. 
PIXE presents an high ionization cross-section for elements with low atomic number that 
typically characterize the former, fluxes and stabilizers of ancient vitreous samples; XRF allows 
the detection with an high chemical sensitivity of the medium- and high-Z elements composing 
colorants and opacifiers. 
Enamel compositions changed during the time based on the raw materials available for their 
production. Consequently, the determination of the chemical composition of the enameled 
artworks could serve as a tool for identifying their typology, provenance and for discriminating 
among genuine, restored and fakes objects. 
In this work, we present the results of the nondestructive investigation of some historical 
enamels belonging to a private collection by combining the compositional results obtained with 
the alpha-PIXE system and the XRF modular scanner installed at the LANDIS laboratory of 
the LNS-INFN in Catania. Both systems present a compact dimension and low weight and can 
be used in-situ. 
The investigated artworks consisted of silver objects of different shapes and dimensions (in the 
range of 10-20 cm), decorated with enamels presenting various hues of colors (white, red, 
yellow, green, blue, brown) and with dimensions down to the mm scale. They date back to the 
XII-XIII century even if their authenticity was never verified by an analytical approach. 
The alpha-PIXE spectrometer served to quantify the concentrations of Na, Mg, Al, Si, Cl, Ca, 
K, Pb and Sn. Additionally, the quantitative composition of the Ag-based alloy composing the 
artifacts was determined.  
The XRF scanner, thanks to the use of interchangeable polycapillary optics can be used both 
for the macro- and for the micro-XRF imaging. The macro-XRF scansion allowed to obtain a
global image of the elemental distribution on the investigated artworks. The micro-XRF 
imaging was used for studying the elemental association with high lateral resolution of some 
components of the artworks under study. 
Analytical results allowed to identify some genuine artworks as well as some fake objects. 
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Giulia Ricci(1), Elisabetta Zendri(1), Laura Falchi(1), Maria Pia Morigi(2,3,4), Eva 
Peccenini(2,3,4), Matteo Bettuzzi(2,3,4), Rosa Brancaccio(2,3,4)
(1) Department of Environmental Sciences, Informatics and Statistics, Ca’ Foscari University of Venice, Via 
Torino 155, 30174 Venice Mestre, Italy 
 (2) Department of Physics and Astronomy, University of Bologna, Viale Berti Pichat 6/2,  40127 Bologna, Italy 
(3) INFN Sezione di Bologna, Viale Berti Pichat 6/2, 40127 Bologna, Italy 
(4) Centro Studi e Ricerche Enrico Fermi, Piazza del Viminale 1, 00184 Roma, Italy 
This work proposes a new analysis procedure aiming to study the effects of ceramic firing 
condition on the final product in order to distinguish the influences of the local production 
techniques. Particle packing, microstructure, porosity, as well as morphology of ceramic 
matrix are correlated to native material composition and firing temperature [1, 2]. These 
physical properties have been considered and investigated comparing the results obtained by 
Mercury Intrusion Porosimetry (MIP), Scanning Electron Microscope (SEM) and X-ray 
micro Computed Tomography (X-ray µCT). 
Recent measurements on archaeological and art materials by the innovative and non-
destructive X-ray µCT method show promising results in Cultural Heritage field. This 
technique offers the advantages to provide information by images of the inner part of the 
object and to preserve its integrity [3, 4, 5]. 
In this preliminary study home-made ceramic samples obtained from calcite-rich clay and 
subjected to different firing temperatures (in the 400°C-1000°C range) have been analyzed.
SEM, MIP and X-ray µCT have provided complementary information regarding the effects of 
firing condition on physical properties and microstructure of ceramic mixture. SEM images 
show a more compact and vitrified morphology in samples fired at 900°C and 1000°C, in 
according to the melting temperatures of minerals.  
The results obtained by MIP, regarding the open porosity, show cumulative volume increase 
with firing temperature due to the presence of carbonate-rich clay which promotes high 
porosity over 600°C [6]. A more complete evaluation of the total porosity (open and close) is 
given by X-ray µCT measurements. The imaging elaboration of X-ray µCT results allowed to 
evaluate and calculate total porosity, pore size distribution and shape, Feret’s diameter and 
tortuosity. 
[1] M.P. Riccardi, B. Messiga, P. Duminuco, Applied Clay Science 15, 1999, 393-404.
[2] G. Dal Sasso, L. Maritan, S. Salvatori, C. Mazzoli, G. Artioli, Journal of Archaeological Science 46, 2014, 
125-143.
[3] F. Casali, Archeometriai Mühely 1, 2006, 24-28.
[4] M.P. Morigi, F. Casali, M. Bettuzzi, D. Bianconi, R. Brancaccio, S. Cornacchia, A. Pasini, A. Rossi, A. 
Aldrovandi, D. Cauzzi, Nuclear Instruments and Methods in Physics Research A 580, 2007, 735–738. 
[5] L. Jacobson, F. C. de Beer, M. Nshimirimana, Nuclear Instruments and Methods in Physics Research Section 
A 651 (1), 240-243. 
[6] K. Traorè, G.V. Ouèdraogo, P. Blanchart, J.-P. Jernot, M. Gomina, Journal of the European Ceramic Society 
27, 2007, 1677–1681.
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2 Laboratório José de Figueiredo da Direcção-Geral do Património Cultural (LCRJF-DGPC), Rua das Janelas 
Verdes 37, 1249-018 Lisboa, Portugal. 
3 Centro de Física Atómica da Universidade de Lisboa (CFA-FCUL), Av. Prof. Gama Pinto, 2. 1649-003 
Lisboa, Portugal
4 Departamento Física, Faculdade de Ciências e Tecnologia, Universidade Nova de Lisboa, 2829-516
8 Caparica, Portugal. 
5 Laboratório HERCULES, Universidade de Évora, Rua Romão Ramalho 59, 7000-676 Évora, Portugal. 
6Instituto Politécnico de Tomar (IPT) , Quinta do Contador - Estrada da Serra, 2300-313 Tomar, Portugal. 
7 Museu Nacional de Machado de Castro(MNMC), Largo Doutor José Rodrigues, 3000-236 Coimbra,Portugal. 
* Corresponding author: vanessahantunes@gmail.com
In this work a set of four altarpieces of the 15th and 16th century, assigned to Coimbra’s 
painting workshop, overall to the masters Vicente Gil (doc. Coimbra 1498-1525), Manuel 
Vicente (doc. Coimbra 1521-1530) and Bernardo Manuel (act. c.1559-80), father, son and 
grandson, encompassing from late gothic to mannerist periods was studied.
The aim of this study is to compare ground layers filler and binder of Coimbra´s workshop, 
using complementary microscopy techniques, bringing new insight of the techniques adopted 
by the workshop through three generations of painters by characterizing the evolution of the 
ground layer technique from 15th to 16th centuries (image 1).
The cross-sections from the groups of paintings were examined by optical microscopy and 
results were integrated through the analysis obtained by µ-X-ray diffraction, Scanning 
Electron Microscopy with Energy Dispersive X-ray Spectroscopy, µ-Confocal Raman and 
punctually with µ-Fourier Transform Infrared spectroscopy imaging. Ground layers are of 
calcium sulfate, present as gesso grosso (mainly anhydrite with small amounts of gypsum) 
and gesso mate (mainly gypsum with small amounts of anhydrite), according to temporal 
technique evolution of the workshop.  
1- a) OM image of  sample 119-12A-4 of the altarpiece assigned to Bernardo Manuel; b) 
spectrum of elemental analysis by SEM-EDX of the selected point, where the element P
suggests the occurrence of bone black, Fe the presence of iron oxy-hydroxides and elements S 
and Ca propose the presence of calcium sulphate. 
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Diagnosis of modern tracing papers and felt-tip pen inks 
for the conservation of architecture drawings:
Lina Bo Bardi’s materials
Antonio Mirabile (1), Patrizia Moretti(2), Federica Presciutti(2), Noemi 
Mancinelli(2), Laura Cartechini(3), Antonio Sgamellotti(3,4)
and Costanza Miliani(3,4)
(1) Paper Conservator, 11 rue de Bellefond – 75009 – Paris, France  
 (2) Dipartimento di Chimica, Biologia e Biotecnologie, Università degli Studi di Perugia, via Elce di Sotto 8, 
 I-06123 Perugia, Italy. 
(3) Istituto CNR di Scienze e Tecnologie Molecolari (CNR-ISTM), via Elce di Sotto 8, 06123 Perugia, Italy. 
(4) Centro di eccellenza  SMAArt (Scientific Methodologies applied to Archaeology and Art), 
Università degli Studi di Perugia, via Elce di Sotto 8, I-06123 Perugia, Italy. 
In this contribution a multi-technique approach (based on scanning electron microscopy, X-
ray fluorescence, infrared spectroscopy, Raman spectroscopy and gas chromatography–mass 
spectrometry) has been exploited to study the chemical composition of modern tracing papers 
and felt-tip pens for architectural drawings. In the specific, drawing materials used by Lina Bo 
Bardi (an Italian architect and designer that devoted her working life, most of it spent in 
Brazil, to promoting the social and cultural potential of architecture and design) have been 
analyzed.
The results obtained on some samples of tracing paper showed the total absence of fillers such 
as calcium carbonate or kaolin indicating the presence of overbeaten natural tracing paper. 
The study was extended to a Le Corbusier’s drawing of the same period. The analyses 
revealed that Le Corbuseir’s tracing paper is impregnated with a mixture of diterpenic resin 
and linseed oil. 
From the combination of the data obtained about the elemental composition and the 
vibrational properties of the twenty felt-tip pens analyzed, it was possible to identify the 
classes of inks present in most of them. Specially the acquisition of Raman spectra using 
different excitation laser lines (488, 514 and 785 nm) has permitted to recognize 
triarylmethane (e.g. crystal violet and light green SF yellowish) and xanthene dyes (e.g. 
eosin).
The results obtained in this work allow to extend the little knowledge [1,2,3,4] about the 
molecular composition of these modern materials and to validate the specificity and 
sensitivity of non-invasive spectroscopic techniques for these purposes. The characterization 
and the classification of medium and media additionally shaped the ideal conditions for the 
conservation treatment realized on eleven Lina Bo Bardi’s drawings by using the proper 
solvents and adhesives for the cleaning process of the surface and the consolidation of the 
medium. Solvents and adhesives that respected the specific chemical and physical properties 
of the tracing paper, such as pH, translucency, gloss and brightness [5]. 
[1] M. P. Colombini, I. Degano, F. Pinzari, M. Placido, D. Ruggero, Kermes 81, 61-70. 
[2] A. Sodo, M. Bicchieri, M. Guiso, M. A. Ricci, G. Ricci, Journal Raman Spectroscopy 43, 2012, 1781-1787. 
[3] H. Awab, A. Dhalayla Mohd Jar, W. Kong Yong, U. Kalthom Ahmad, Malaysian Journal of Forensic 
Sciences 2 (1), 2011, 1-7. 
[4] I. D. van der Werf, G. Germinario, F. Palmisano, L. Sabbatini, Analytical Bioanalytical Chemistry 399, 
2011, 3483–3490. 
[5] D. van derReyden, C.Hofmann, and M.Baker.. Some effects of solvents on transparent papers. In Institute of 
Paper Conservation Conference Papers: Manchester, 1992, 234–46. 
TECHNART 2015 POSTER SESSION 1
P1-53
$PXOWLVSHFWURVFRSLFVWXG\RI*HUPDQ&HUDPLFVKHUGV
Giulia Ricci(1), Elisabetta Zendri(1), Danilo Pedron(2), Eleonora Balliana(1) and 
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(1) Ca’ Foscari University of Venice, Department of Environmental Sciences, Informatics and Statistics, Via 
Torino 155, 30174 Venice Mestre, Italy 
(2) University of  Padua,  Department of Chemical Science, Via Marzolo 1, 35131 Padua, Italy 
(3) ENEA Technical Unit for the development of applications of radiations, CR Frascati, V. E. Fermi 45, 00044 
Frascati, Italy 
The aim of this archaeometric study is to recover information regarding provenance and 
technological processes used for the production of ceramic sherds coming from five central 
and Eastern German sites, between Lower Saxony and Saxony states. The ceramic fragments 
have been investigated by a multi-spectroscopic approach: Fourier transform infrared 
spectroscopy (FT-IR), micro-Raman spectroscopy, and X-Ray Fluorescence (XRF) were 
employed to characterize both ceramic bodies and glazes. Moreover the innovative 
application of Laser Induced Fluorescence (LIF) on ceramic findings has been proposed and 
evaluated. LIF is a non-destructive spectroscopic technique, and has already been used as a 
diagnostic tool for artworks with successful results [1].  
The results obtained from ceramic bodies show the presence of quartz (SiO2), kaolinite 
(Al2Si2O5(OH)4), anatase (TiO2), magnesium silicates and the absence (except samples from 
Cottbus and Peine sites) of calcite (CaCO3) [2; 3]. This indicates that the potteries were 
produced using quite similar and pure clay materials probably coming from the local mines 
rich of kaolin; ceramics devoid of calcium carbonate could be related to raw materials poor of 
calcite and/or high firing temperatures [4]. Further information concerning the glazes have 
been obtained combining the non-destructive Raman and LIF techniques. Cobalt blue 
(CoAl2O4) and cassiterite (SnO2), as pigments in the glazes of Bürgel and Brandis potteries,
have been identified in Raman spectra [5]. LIF emission bands in minerals are influenced by: 
chemical composition, crystal lattice and activator elements [6]. LIF results on ceramic sherds 
have provided more information regarding the glaze: fluorescence bands at 㹼 385, 㹼440-
550 and 㹼770 nm indicate Pb+ and Sn+ doped silica in accordance with high temperature
fired glaze [7].
The archaeometric study carried on using complementary methods suggests at least two 
different sites of raw materials and high temperature kilns related to high quality production.
The interesting results suggest that non-destructive techniques, such as LIF and Raman 
spectroscopy, are promising methods for ceramic and glaze characterization.
[1] R. Fantoni, L. Caneve, F. Colao, L. Fiorani, A. Palucci, R. Dell’Erba, V. Fassina, Journal of Cultural 
Heritage 14, 2013, 59–65.
[2] L. Damjanović, V. Bikić, K. Šarić, S. Erić, I. Holclajtner-Antunović, Journal of Archaeological Science 
46, 2014, 156-172.
[3] M. A. Legodi and D. De Waal, Spectrochimica acta. Part A 66 (1), 2007, 135-142.
[4] B. Fabbri, S. Gualtieri and S. Shoval, Journal of the European Ceramic Society 34 (7), 2014, 1899-
1911.
[5] L. D. Kock and D. De Waal, Journal of Raman Spectroscopy 38, 2007,  1480-1487.
[6] M. Gaft, R. Reisfeld, G. Panczer, Ph. Blank, G. Boulon, Spectrochimica Acta Part A 54 (13), 1998, 
2163-2175.
[7] L. F. Ferreira, T. M. Casimiro, Ph. Colomban, Spectrochimica acta. Part A 104, 2013, 437-444.
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The use of non invasive micro-Raman, FT-IR and SEM-
EDX analyses to study Armenian illuminated manuscripts 
P. Baraldi(1), Y. Keheyan(2) 
(1) Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia, 
via G. Campi,183, 41100 Modena (Italy) pietro.baraldi@unimore.it 
(2) ISMN-CNR, c/o Dept. of Chemistry, University of Rome “La Sapienza” 
00185Rome, (Italy) yeghis.keheyan@uniroma1.it . 
The analysis of the pigments contained in Armenian illuminated manuscripts has been carried 
out by various techniques; i.e.: atomic spectroscopy like X-ray fluorescence (XRF), molecular 
spectroscopy; (Fourier Transform Infrared (FT-IR), micro Raman), Energy-dispersive X-ray 
spectroscopy (SEM-EDX)[1]. These techniques were applied to the very same samples in 
order to obtain the information useful for the understanding of the materials and art 
techniques applied thereon. Moreover, the data is useful for a proper restoration procedure of 
the codices. The microsamples were taken by some of us at the Matenadaran (Armenia) with 
a lancet from different illuminated papers and parchments pertaining to Armenian codices[2]. 
Only small fragments were used, since the spectroscopic techniques applied need the amount 
to be reduced to some micrograms. With the application of simple atomic and molecular 
spectroscopy techniques it was shown to be possible to obtain fundamental information on the 
specificity of the Armenian illumination techniques. The palette of the identified pigments is 
rich and accompanied by the use of mixtures for preparing green, gray, orange and brown 
shades; gilding was laid on a red bole with gold leaf.   
[1] Mary Virginia Orna Artists’ Pigments in Illuminated Medieval Manuscripts: Tracing Artistic Influences and 
Connections—A Review, ACS Symposium Series; American Chemical Society: Washington, DC, 2013. 
[2] Yeghis Keheyan, Pietro Baraldi, Gayane Eliazian 
A study on the polychromy and technique on some Armenian illuminated manuscripts by Raman microscopy, 
2nd Int. Scientific seminar “The faces of memory: The newest technologies of preservation and restoration of 
manuscript and printed heritage” 7-11 October, 2012, Yerevan, Armenia 
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In this study the applicability of ATR-FTIR spectroscopy with partial least squares (PLS) data 
analysis was evaluated for quantifying the components of paints and coating materials. Also 
careful evaluation of the accuracy (measurement uncertainty) of the results was carried out. 
Previously no serious attempt has been made to evaluate the measurement uncertainty of the 
quantification of these kinds of materials. 
In this work three sets of materials were investigated: (1) homogeneous materials that are 
essentially mixtures of components (different paint binding media), (2) heterogeneous 
materials that are essentially mixtures of components (mixtures of inorganic pigments and/or 
fillers and/or binding media) and (3) polymeric materials that were formed by reactions 
between components, so that initial components were not present in the material (different 
alkyd resins) [1]. 
The results of this work demonstrate that ATR-FTIR spectroscopy with PLS analysis is 
capable of quantifying components in binary, ternary and quaternary mixtures of several 
common binding media and pigments with moderately low measurement uncertainty, in most 
cases below 3 g/100 g. The results also show the potential to quantify classes of components – 
aromatic anhydrides and alcohols – used for production of alkyd resins, with standard 
uncertainties in the range of 2–3 g/100 g. The latter is a demanding application because in 
alkyd resins aromatic anhydrides and alcohols have reacted to form a polyester, and are not 
present in their original forms [1]. 
However the PLS method has some limitations. Where the IR spectra of quantified 
components have many overlapping bands, and few or no unique (non-overlapping) bands 
then the uncertainty of prediction can be high. When unknown components are present in the 
samples, similar unknown components should be present in the calibration samples for 
successful quantification. Where this is not achievable, uncertainty is increased with presence 
of unknown components [1]. Also, building successful calibration models requires a number 
of calibration standards. 
In conclusion, the results of this work demonstrate that ATR-FTIR spectra may be used in 
conjunction with PLS analysis to quantify components in paints and coating materials. Once a 
PLS method has been calibrated, analysis time and cost are significantly reduced from typical 
quantitative methods such as GC/MS. This is beneficial in the case of routine analysis where 
the components are known. 
[1] P.A. Hayes, S. Vahur, I. Leito, Spectrochimica Acta Part A 133, 2014, 207-213. 
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Diagnostic investigation for the study of the fresco titled 
“Madonna con il bambino”, in Cosenza, southern Italy: a 
case study. 
Valeria Comite (1), Cristina Maria Belfiore(1-2), Mauro Francesco La Russa(1),
Silvestro Antonio Ruffolo (1), Gino Mirocle Crisci(1)
(1) Dipartimento di Biologia, Ecologia e Scienze della Terra (DiBEST), Università della Calabria, Via Pietro 
Bucci, 87036 Arcavacata di Rende (CS), Italy, 
(2) Dipartimento di Scienze Biologiche, Geologiche e Ambientali – Sezione di Scienze della Terra, Università di 
Catania,Corso Italia 57, 95129 Catania, Italy 
This study had been focused on the diagnostic analysis of the fresco "Madonna con il 
bambino" dated back to the late nineteenth century and located in the cave hosting the 
sanctuary of “San Michele Arcangelo” in San Donato Ninea (Cosenza), Calabria, southern 
Italy.
A multi-technique investigation on constituting materials was carried out before the 
restoration procedures [1-2] in 2011. Raw materials, execution techniques and possible 
previous restorations evidences have been identified [3]. Pigments and raw materials used for 
the application of the ground and the painting layers were studied using optical investigations 
(optical and stereo microscopy), electronic microscopy, equipped with energy dispersive 
spectroscopy qualitative microanalysis (SEM-EDS) and infrared spectroscopy (FT-IR) [4].
Furthermore, the characterization of historical and stylistic background of these paintings, and 
the evaluation of the decay phenomena affecting them, provided a scientific aid and guide to 
identify the most suitable and durable restoration process for the mural paint.
The collected data were used for the choice of cleaning and consolidation procedures of the 
whole artwork, demonstrating the importance of a preliminary diagnostic study before a 
restoration.
[1] Ruffolo S.A., La Russa M.F., Barca D., Casoli A., Comite  V., Nava G., Crisci G. M., De Francesco A.M., 
Miriello D., Periodico di Mineralogia, Special Issue (79),  2010, 71-79. 
[2] La Russa  M.F., Belfiore C.M., Comite V., Barca D., Bonazza A., Ruffolo  S.A., Crisci G.M., Pezzino A., , 
Applied Physincs A (114), 2014, 733–740. 
[3] Matteini M. and Moies A. - La Chimica nel Restauro. I materiali dell’arte pittorica. Nardini, Firenze, 2002a, 
23-49.
[4]. Matteini M. and Moies A.- Scienza e restauro. Metodi indagine. Nardini, Firenze, 2002b, 11-19 
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Marco Samadelli1, Marcello Melis3, Matteo Miccoli3, Eduard Egarter Vigl4, Albert R. 
Zink1
1* EURAC Research, Institute for Mummies and the Iceman, Viale Druso 1, 39100 Bolzano, Italia 
3 PROFILOCOLORE s.r.l., Via Spluga 22, 00141 Roma, Italia 
4 Scuola Superiore Sanitaria Provinciale "Claudiana", Via Lorenz Böhler 13, 39100 Bolzano, Italia 
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This study documents for the first time the complete mapping of one of the world’s most ancient 
tattoos present on a mummified human body dating back to over 5300 years ago, belonging to the 
so-called Iceman mummy. For this purpose, we utilised innovative non-invasive multispectral 
photographic imaging techniques capable of “seeing” in a range from IR to UV.  
An especially developed innovative software (HMI), which allows to measure and process the 
spectral reflectance sampled on seven bands with equidistant wavelengths for each pixel of scene 
acquired, has led us to identify and certify the presence of 61 tattoos divided into 19 groups in 
various parts of the body.
The presence of the tattoos and their precise positioning on the mummy’s body shall prove helpful 
in the future for the in-depth analysis of their relationship with recent scientifically acquired 
knowledge, to help determine the real function of tattooing in prehistoric times. 
Fig. 1  Graph showing the mapping of all of the tattoos present on the mummy’s body.
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A scientific and archaeological investigation on Roman 
glass artifacts unearthed in Japan 
Tomomi TAMURA(1), Katsuhiko OGA(2)
(1) Nara National Research Institute for Cultural Properties 
 (2) Nara Women’s University 
This paper reports on the results of archaeological-
scientific joint research about Roman glass artifacts 
unearthed in Japan. Chemical examinations by XRF and 
LA-ICP-MS revealed that there were more than 100 of 
natron type of soda glass artifacts in Japan. Natron type of 
soda glass, which contains less than 1.5% of K2O and MgO, 
is a feature of "Roman glass."  
As a result of chemical analysis, natron glass artifacts 
found in Japan were divided into two large groups: Group 
SIA and Group SIB. Group SIA contains 1% to 2% of 
antimony oxide, and Group SIB does not contain antimony 
oxide. On the other hand, some of Group SIB contain 
relatively high levels of manganese oxide. 
Natron glass artifacts were not distributed a lot in Japan, 
but they showed a characteristic distribution pattern. Group 
SIA, which contains antimony, was mainly distributed in 
the 2nd century CE. Some of them were also found in tombs
dated to the 4th century CE. On the other hand, the Group
SIB was mainly from the first half of 5th century CE.
According to the previous study on the chronological 
changes of the concentrations of antimony and manganese 
in the Roman glass artifacts found in the Mediterranean 
area, in the 2nd and 3rd centuries CE, both antimony and
manganese were used as decolorizer, and after the 5th 
century CE, only manganese was used [1].  
As for products of natron glass found in Japan, small beads colored by cobalt are most 
common. There are also some tubular beads and gold sandwich beads. Tubular beads were 
found from tombs of 2nd century CE, and they have light blue opaque appearance. We
detected calcium antimonite (CaSb2O6) from them by using XRD. Calcium antimonate is 
known as the major opacifier of glass in ancient Egypt and Roman Empire between latter half 
of 2nd millennium BCE and 2nd century CE.
The results of our study show that Japan, which is located very far from glass production 
areas of Roman glass, had close relation with other areas in the world and was affected 
quickly by various changes in the western world.  
[1] Sayre, E., Summary of the Brookhaven Program of Analysis of Ancient Glass Application of science in 
examination of works of art. Proceedings of the seminar: September., conducted by the Research Laboratory, 
Museum of Fine Arts, Boston, Massachusetts, 1965, pp.7-16. 
XRF spectra
XRD spectrum
2C
5C
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Marco Samadelli 1*,2, Graziella Roselli3, Vito C. Fernicola4, Ludwig Moroder5, Albert 
R. Zink1
1* EURAC, Institute for Mummies and the Iceman, Viale Druso 1, 39100 Bolzano, Italia 
2 Museo Archeologico dell’Alto Adige, Via Museo 43, 39100 Bolzano, Italia 
3 UNICAM, Scuola di Scienze e Tecnologie, Via S Agostino 1, 62032 Camerino (MC), Italia 
4I.N.RI.M., Istituto Nazionale di Ricerca Metrologica, Starda delle Cacce 73, 10135  Torino, Italia 
5Azienda Sanitaria dell’Alto Adige, Laboratorio di Microbiologia e Virologia, Via Amba Alagi 5, 39100 Bolzano, Italia 
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This study is aimed at evaluating physical and chemical parameters which are considered as the 
most appropriate for the long-term preservation of mummies, distinguishing between those which 
are on display in museums and those which are preserved in storage rooms.  
The objective of this study is also to compare and discuss differences among the most widely 
known guidelines and norms of the field and to highlight the single phenomena which affect the 
decay of this kind of cultural asset. 
Fig. 1 The first prototype realized for the mummy of  Rosalia Lombardo, by the Capuchin Catacombs of Palermo, Italy.
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S. Coentro(1), C. Relvas(2), J. Coll Conesa(3), J. Mirão(4), T. Ferreira(5) and V.S. 
Muralha(1)
(1) VICARTE – Research Unit “Glass and Ceramic for the Arts”, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa, 2829-516 Caparica, Portugal 
 (2) Laboratório HERCULES, Universidade de Évora, Largo Marquês de Marialva, 8, 7000-809 Évora, 
Portugal  
(3) Museo Nacional de Cerámica y Artes Suntuarias "González Martí", Poeta Querol, 2, 46002 Valencia, 
España 
(4) Departamento de Geociências, Escola de Ciência e Tecnologia, Laboratório HERCULES, Universidade de 
Évora, Largo Marquês de Marialva, 8, 7000-809 Évora, Portugal  
(5) Departamento de Química, Escola de Ciência e Tecnologia, Laboratório HERCULES, Universidade de 
Évora, Largo Marquês de Marialva, 8, 7000-809 Évora, Portugal  
Ceramic tiles are materials of variable porosity, composed essentially by clays and other 
inorganic raw materials such as quartz, iron oxide and carbonates. In the production process, 
the raw materials are mixed in proportions taking into account the influence of each 
component in the properties of the final materials, followed by general processing steps such 
as pressing and firing [1]. 
Islamic potters introduced new pottery-making technologies in the Iberian Peninsula, later 
developed in Hispano-Moresque workshops [2]. Hispano-Moresque glazed tiles were 
profusely used throughout the Portuguese territory in the 15th and 16th centuries. This very 
specific artistic ceramic object represents the beginning of a decorative art that has been 
characteristic of Portuguese public art ever since [3]. Nevertheless, the knowledge on 
technological aspects of Hispano-Moresque glazed tiles is scarce since few studies were done 
till the moment. 
The aim of the present work was the study of the chemical and mineralogical composition of 
the ceramic body and the evaluation of the glaze-ceramic interface of Hispano-Moresque 
ceramic tiles from Palácio Nacional de Sintra (Portugal), Mosteiro de Santa Clara-a-Velha 
(Coimbra, Portugal) and Museu Nacional de Cerámica y Artes Suntuarias “González Martí” 
(Valencia, Spain), using micro-X-ray diffraction (µ-XRD), micro-Raman spectroscopy and 
variable pressure scanning electron microscopy coupled with energy dispersive X-ray 
spectroscopy (VP-SEM-EDS) in order to compare the glaze and the ceramic body technology 
in Hispano-Moresque ceramic tiles from Portuguese and Spanish collections.  
[1] A.C.S. Alcântara, M.S.S. Beltrão, H.A. Oliveira, I.F. Gimenez, L.S. Barreto, Applied Clay Science, 39, 2008, 
160. 
[2] M.C. Zuluaga, A. Alonso-Olazabal, M. Olivares, L. Ortega, X. Murelaga, J.J. Bienes, A. Sarmiento, N. 
Etxebarria, Journal of Raman Spectroscopy, 43, 2012, 1811.  
[3] S. Coentro, R.A.A. Trindade, J. Mirão, A. Candeias, L.C. Alves, R.M.C. Silva, V.S.F. Muralha, Journal of 
Archaeological Science, 41, 2014, 21.
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Sibilla Orsini, Jeannette Jacqueline Łucejko, Erika Ribechini, Maria Perla 
Colombini
Dipartimento di Chimica e Chimica Industriale, Università di Pisa, via Moruzzi 3, 56124 Pisa, Italy 
The chemical characterization of reference materials is an essential tool to achieve a proper 
scenario on the bio-molecular markers, which allow us to identify archaeological organic 
remains. In this view, a collection of more than 30 tar and pitch was prepared from wood and 
barks of various deciduous trees (mainly from genus Betula) and conifers (mainly from genus 
Pinus). Tar and pitch were obtained following two different methodological procedure: single 
and double pot distillation.  
Chemical investigation on such a collection was performed using evolved gas analysis–mass
spectrometry (EGA-MS) and gas chromatography/mass spectrometry (GC/MS) following 
alkaline hydrolysis, solvent extraction and derivatisation with a sylilating agent.
EGA-MS allowed us to obtain information about the thermal complexity of the samples. In 
addition, the analysis of the gas evolved by the pitch provided information on the nature and 
the presence or absence of specific compounds of interest. The analytical procedure based on 
GC/MS was used to assess the molecular composition of the replica and to identify a series of 
species acting as markers of botanical origin, of technological manipulation and eventually of 
degradation. 
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Alessia Coccato(1), Anastasia Rousaki(2), Luc Moens(2) and Peter Vandenabeele(1)
(1) Ghent University, Department of Archaeology, Sint-Pietersnieuwstraat 35, B-9000 Ghent, Belgium 
 (2) Ghent University, Department of Analytical Chemistry, Krijgslaan 281, S12, B-9000 Ghent, Belgium
Total reflection X-ray fluorescence (TXRF) is a multi-elemental technique whose sensitivity 
spans across several orders of magnitude (major elements [1] to traces below ppm [1, 2]). It 
requires very little amount of sample (≤ µg) and it also allows for quantification [1, 3].  
Inorganic pigments are identified on the basis of key elements, while minor and trace 
elements can help solving specific questions about dating and provenancing materials [1, 4-9].
Suitable sampling methods include rubbing dry cotton buds on the surface, using needles and 
scalpels [1, 10]. Great attention needs to be paid on avoiding contamination in the different 
steps of the process (sampling, handling and storing the sample, cleaning the supports for 
analysis). Working in a clean environment, using plastic tools and suprapure reagents 
minimizes the risks of pollution. Different cleaning procedures are tested to decide which 
method gives contaminations below lower limits of detection (LLD), consuming as little time 
and reagents as possible.  
The investigation of real paint samples is a complex issue from many points of view. First, the 
same pigment produced or mined under different circumstances will normally show specific 
elemental contributions (minor and trace elements). Second, pigments were mixed to obtain 
the desired shade, which affects representativity of sampling [5, 11]. Finally, the sampling can 
only be performed on exposed paint layers, as in manuscripts [12, 13] or during restoration 
campaign of paintings (varnish-free areas of the paint layer) [1, 5, 6]. If the conservation 
treatment involves the removal of overpaints, special care has to be taken in the sampling, as a 
dry cotton bud is likely to collect simultaneously material from original and overpaint. 
Therefore, in case of discontinuous (over)paint layers, multiple sampling with a scalpel under 
the microscope is preferable. 
[1] R. Klockenkämper, A. von Bohlen, L. Moens, W. Devos, Spectrochimica Acta 48B(2), 1993, 239. 
[2] R. Klockenkämper, A. von Bohlen, Spectrochimica Acta Part B 56, 2001, 2005. 
[3] R. Klockenkämper, A. von Bohlen, Journal of Analitical Atomic Spectrometry 14, 1999, 571. 
[4] A. von Bohlen, e-Preservation Science 1, 2001, 23 
[5] W. Devos., L. Moens, A. von Bohlen, R. Klockenkämper, Studies in Conservation 40(3), 1995, 153. 
[6] N. Civici, Journal of Cultural Heritage 7, 2006, 339. 
[7] K. Hühnerfuß, A. von Bohlen, D. Kurth, Spectrochimica Acta Part B 61, 2006, 1224.
[8] C. Vazquez, A. Albornoz, A. Hajduk, D. Elkin, G. Custo, A. Obrutsky, Spectrochimica Acta Part B 63, 2008, 
1415.
[9] M.-J. Benquerença, N.F.C. Mendes, E. Castellucci, V.M.F. Gaspar, F.P.S.C. Gil, Journal of Raman 
Spectroscopy 40, 2009, 2135.
[10] C. Vazquez, G. Custo, N. Barrio, J. Burucúa, S. Boeykens, F. Marte, Spectrochimica Acta Part B.65, 2010, 
852.
[11] M. Ardid, J.L. Ferreo, D. Juanes, J.L. Lluch, C. Roldán, Spectrochimica Acta Part B 59, 2004, 1581.
[12] G. Van Hooydonk, M. De Reu, L. Moens, J. Van Aelst, L. Milis, European Journal of Inorganic Chemistry, 
1998, 639. 
[13] S. Pessanha, M. Manso, M.L. Carvalho, , Spectrochimica Acta Part B 71-72, 2012, 54.
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Geochemical study of Roman glass mosaic tesserae from 
the archaeological site of “Villa dei Quintili” (Rome, Italy) 
Donatella Barca(1), Elena Basso(2), Danilo Bersani(3), Giuliana Galli(4), Claudia 
Invernizzi(5), Mauro Francesco La Russa(1), Pier Paolo Lottici(3), Marco 
Malagodi(5), Silvestro Antonio Ruffolo(1)
(1) Biology, Ecology and Earth Sciences Dept. (DiBEST), Calabria University, Via Pietro Bucci, 87036 
Arcavacata di Rende (CS), Italy 
 (2) Department of Scientific Research, The Metropolitan Museum of Art, 1000 Fifth Avenue, New York 10028, 
NY, USA 
 (3) Physics and Earth sciences Dept., University of Parma, Parco Area delle Scienze 7/A, 43124 Parma, Italy 
(4) Soprintendenza Speciale per i Beni Archeologici di Roma, Villa dei Quintili, via Appia Nuova 1092, 00197 
Roma, Italy 
(5) Arvedi Laboratory for non Invasive Analyses, CISRiC, University of Pavia, via Bell’Aspa 3, 26100 Cremona, 
Italy
Here we report on a chemical study carried out on a set of 21 coloured vitreous mosaic 
tesserae, dating back to the 2nd century CE, collected from the Roman archaeological site of 
Villa dei Quintili in Rome (Italy),. The chemical analyses were performed on all vitreous 
tesserae by a Field Emission Scanning Electron Microscopy equipped with an Energy 
Dispersive X-ray Spectrometer (FE-SEM-EDS), for major elements, and Laser Ablation 
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS), for trace and Rare Earth 
elements. Micro-Raman spectroscopy with excitation at 632.8 and 473.1 nm was used to 
characterize the colouring and opacifier agents. The main goal was to document the 
compositional features, in order to determine which raw materials were used to make the 
glass and the production technology adopted to obtain the different colors. 
The results indicate that the tesserae were produced through processes of high technological 
level. The majority of the tesserae show the characteristic composition of the natron glass, 
typical of the Imperial age. As vitrifying agent a coastal sand was used, high-purity oxide 
stabilizers (CaO) being present in the sand for the phenomena of bio-accumulation of marine 
organisms. The red and orange tesserae represent two outliers, because of their lead-alkali 
mixed composition. The higher levels of K2O, MgO and P2O5 suggest the use of a different 
flux: for the red glass plant ash was likely used, while the orange glass displays an 
intermediate composition between natron and plant ash glass. It is worth noting that the trace 
element composition of red and orange seems to indicate the use of copper smelting product 
or brass, respectively, following the high content of copper and tin in the red tesserae and 
copper and zinc in the orange tesserae. The color and the opacity of the tesserae were obtained 
by the combination of chromophores ions and/or opacifiers and coloring crystals. For 
example, the dark blue color was derived from the combination of cobalt and less frequent 
Ca-antimonates, if compared to the light blue tesserae. The two shades of green depend on the 
combination of Copper and Ca-antimonates (emerald green) and Pb-Sn-antimonates (blue-
green). The red opaque color is due to nanoparticles of metal copper scattered in the glassy 
matrix, while nanometric cuprite is responsible for the orange opaque color.
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Determination of the manufacturing methods of 
Indian swords through neutron diffraction 
Francesco Grazzi (1), Alessio De Francesco (2), Elisa Barzagli (1), Antonella
Scherillo (3),Alan Williams (4), David Edge (4), Marco Zoppi (1) 
(1) CNR-ISC, Italy 
 (2) CNR-IOM c/o ILL, Italy 
(3) STFC-ISI, United Kingdom 
(4) The Wallace Collection, United Kingdom 
The analysis of the micro-structural features of ancient Indian swords has been carried out by 
neutron diffraction as well as by metallography. The results provide a clear identification of 
the different materials used to produce weapons. Only a small proportion of the large number 
of swords produced in India historically is made of hypereutectoid textured steel, namely 
wootz steel also (misleadingly) known as “Damascus steel”. 
Neutron diffraction analysis was applied to a group of four swords and the micro-structural 
and compositional characteristics were non-destructively identified for all of them, revealing 
the use of strongly differentiated construction methods to produce the four swords and the 
peculiar micro-structural features of at least one kind of wootz steel. This result is an 
important starting point to lead to the comprehension of the metal preparation and the forging 
procedure to produce wootz steel. This kind of results is a further proof of the validity of the 
use of neutron scattering techniques for authentication and characterization of ancient metal 
artifacts. 
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M. A. Hawash1 & H. A.mahmoud2
1,2 Dpt. Conservation, Faculty of Archaeology- Cairo University, Giza, Egypt. 
European Artistic style prevailed at the era of Muhammad Ali family, For 
example Baroque and Rococo decorative styles and  Scagliola   that has 
spread widely in Europe in the fifteenth century.in Egypt we can find this 
style in the Royal jewelry Palace at Alexandria, Champollion palace and 
sabil "um Abbas" at  Saliba Street -Cairo 1867 A.D. the three examples  
Simulator Natural Marble. Scagliola style implemented in the tomb of the 
royal family 1805 A.D. at El Imam El Shafie area , in addition to the 
other stucco works, perforated Windows and gilded stucco.
we use analysis and investigate methods. X-ray Diffraction and scanning 
Electron Microscopy with EDX unit, it became clear that Scagliola
carried out on two layers the under layer and other surface layer that
gives feel similar to natural stone. The under layer components mainly 
gypsum , Anhydrite , calcite and dolomite in addition to a small 
percentage of halite salt. EDX analysis confirm component of colored 
layer zinc oxide ,gypsum, calcite, iron and aluminum oxides.
.H\ZRUGV
Gesso Scagliola , stucco works , the royal family (Muhammad Ali ), X-
ray Diffraction , scanning Electron Microscopy with EDX, gypsum ,
Anhydrite , calcite , dolomite halite zinc oxide ,iron and aluminum 
oxides
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Assunta Bonanno (1), Antonino Oliva (1), Diana Renzelli (1), Peppino Sapia (1), 
Federica Sirianni (1), Rocco Purri (2), Gregorio Aversa (3)
(1) “ArcheoLab - Polo di Innovazione per i Beni Culturali della Regione Calabria”, Dipartimento di DiBEST, 
Università della Calabria, via P. Bucci, 87036 - Rende, Cosenza, Italy (diana.renzelli@unical.it); 
 (2) Associazione per la Ricerca e la Valorizzazione Storica e Archeologica, Lamezia Terme (CZ), Italy; 
(3) Soprintendenza per i beni archeologici della Calabria, Italy. 
Infrared Reflectography (IRR) constitutes a well known diagnostic technique suitable for the 
in-depth imaging of artwork surfaces. While its use is well established for paintings (to 
highlight the presence of preparatory underdrawings, pentimenti, etc.), the employ of IRR to 
study different ancient artifacts (such as archeological pottery or whitewashed notice board) is 
far less common [1]. 
In the present work, we report on the application of IRR to the study of an italic red-figured 
vase, belonging to the collection of “Museo Archeologico Lametino” (Lamezia Terme CZ, 
South Italy). We show that reflectograms (taken with a InGaAs-sensor based “Osiris” camera 
by “Opus Instruments”) constitute an effective tool for highlighting the presence of 
decorations underlying deposits and efflorescence, usually affecting archeological pottery 
remained buried in the ground for a long time. 
By the IRR analysis it has been possible to highlight gaps in the decoration and parts covered 
by encrustations, in particular the drawing’s gilded details (Figure 1). 
This non-destructive diagnostic technique is useful for the pre-restoration operations [2]. 
Keywords:  red-figured pottery; Infrared Reflectography; under-drawing; non-destructive technique. 
[1] L. Falcone, F. Bloisi, V. Califano, M. Pagano, L. Vicari, B., Journal of Archaeological Science 35 (2008) 
1714-1715. 
[2] L. Consolandi, D. Bertani, Infrared Physics & Tecnology 49 (2007) 239-240. 
Figura 1 VIS and IRR imaging of red-figured pottery.
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Diego Tamburini (1), Jeannette Jacqueline Łucejko (2), Erika Ribechini (1), 
Maria Perla Colombini (1,2)
(1) Department of Chemistry and Industrial Chemistry, University of Pisa, via Giuseppe Moruzzi 3, I-56124, 
Pisa, Italy 
 (2) Institute for the Conservation and Valorization of Cultural Heritage (ICVBC), National Research Council, 
via Madonna del Piano 10, Sesto Fiorentino, Florence, Italy 
A set of 26 archaeological waterlogged oak wood samples were studied by Direct Exposure-
Mass Spectrometry (DE-MS) and Evolved Gas Analysis-Mass Spectrometry (EGA-MS), in 
order to investigate degradation patterns from a chemical point of view. The combination of 
these two techniques proved to be a powerful tool to assess archaeological wood degradation 
with particular attention to lignin oxidation, allowing the low time consuming analysis of a 
high number of samples. 
The samples were taken from five piles from palafitte found in the Neolithic “La Marmotta” 
village (Bracciano lake, Rome, Italy). The samples were collected from the external to the 
internal part of the piles, following the annual growth rings five by five.  
Our investigations were not only useful to study wood degradation in terms of differences 
between carbohydrates and lignin content, but also to show that lignin oxidation was the most 
important parameter to differentiate among the samples. In particular, aldehyde and ketone 
functionalities increased from the internal to the external part of all the piles. In addition, 
EGA-MS allowed us to obtain information on depolymerization of lignin. Principal 
component analysis (PCA), applied to the mass spectral data, was useful to highlight 
differences among the samples and to identify trends in the increase of specific products of 
the oxidation reactions. 
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Roberto Cesareo(1), Angel Bustamante(2), Julio Fabian(2), Sandra Del Pilar Zambrano(2), 
Regulo Franco Jordan(3), Arabel Fernandez(3), Stefano Ridolfi(4)
(1) Institute of Mathematics and Physics, University of Sassari, Sassari, Italy ; 
(2) Universidad Nacional Mayor de San Marcos, Lima, Perù 
(3) PACEB Museo Cao (Fundación Wiese), Trujillo, Perù 
(4) Ars Mensurae, Rome, Italy 
e-mail : cesareo@uniss.it 
Various methods have been developed and are discussed in this paper, to analyze gilded copper 
samples and to determine gilding composition and thickness. All these methods are based on energy 
dispersive X-ray fluorescence (EDXRF). EDXRF allows to determine the internal ratios of Cu and 
Au-X lines through an accurate quantitative analysis of  EDXRF-spectra. The “anomalous” ratios of 
Cu and Au-X lines, and the ratio (Au/Cu) allow  to determine the gilding thickness with an error of 
less than 5%, in a thickness interval of 0.1-5 μm. These methods have been first tested on standard 
gildings, then applied to common objects on gilded copper, and then employed to study pre-Columbian 
artifacts on gilded copper from the Tomb of the Lady of Cao. Finally, a gilded inscription on gilded 
brass was analyzed, located on the top of the Trevi Fountain in Rome.    
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Spherical scanning system for Infrared Reflectography 
Marco Gargano(1), Duilio Bertani (2), Francesco Cavaliere(1), Nicola Ludwig(1) 
Daniele Viganò(1) 
(1) Department of Physics, Università degli Studi di Milano, via Celoria 16, 20133 Milano, Italy  
(2) National Research Council, Istituto per la Valorizzazione e Conservazione dei Beni Culturali, Via Cozzi 53, 
20125 Milano, Italy. 
Infrared reflectography is a well known imaging technique used to visualize the underdrawing 
of ancient paintings in the spectral band between 0.8 and 2.5 microns. In the 0.9-1.7 band , 
nowadays, the most used devices are the InGaAs [1] cameras and due to the small size of 
InGaAs detectors, these are usually mounted on various scanning systems to record high 
resolution reflectograms. In the past years, several types of scanners have been proposed as 
the single pixel scanner [2], the Image Plane Scanner (IPS) [3] and the Moving Lens Scanner 
(MLS) [4]. This work describes a very portable scanning system based on a motorized 
spherical-head with mounting a XenICs Xeva-1.7-320 InGaAs camera, which guarantee an 
high performance, comparable with that of the aforesaid reflectographic devices, with the 
advantage to extend the scanned area up to 1x1 m. A spherical-head is a device that moves the 
camera with a rotation around its no-parallax point. The camera was equipped with a Tamron 
500 mm f/8 SP macro-tele mirror lens. This lens is quite compact for its focal length, has few 
glass elements and a minimum focal distance of about 1.7 m. Dioptric lenses were not 
considered because of their remarkable weight and high number of infrared absorbing glass 
elements. While IPS and MLS scanners shoot reflectograms moving orthogonally to the 
painting, a spherical movements need to be refocused after each displacement due to the 
shallow depth of field. In order to leave the magnification unaltered, refocusing was done 
moving the entire camera along its optical axis of the exact local distance from the sphere to 
the panel. Movement are provided adding a small linear translation stage to refocus the 
camera on the painting after each displacement. Furthermore each of these images is first 
corrected to compensate any lens distortions and then stitched using the traditional 
orthogonal-stitching-mode to get a composite reflectography  of the entire painting. 
The preliminary results recorded in laboratory and in situ proved that this panoramic scanning 
technique is a reliable method for infrared reflectography, comparable with other high 
resolution scanning devices, with the advantage of a better portability and a lower cost. With 
such a device a reflectogram up to 1 x 1 m with a resolution of 280 pixels/inch can be 
achieved.  
[1] A. Author, B. Author, . Author, Journal of Journals 1(2), year, page. 
[1] M. Gargano, N. Ludwig, and G. Poldi, “A new methodology for comparing IR reflectographic systems”, 
Infrared Physics & Technology 49, 2007, 249–253. 
[2] D. Bertani, M. Cetica, E. Buzzegoli, S. Cecchi, D. Kunzelman, P. Poggi, G.P. Piccioni, A scanning device 
for infrared reflectography, Stud. Conserv., 35 (1990), pp. 113–115 
[3] L. Consolandi, D. Bertani, “A prototype for high resolution infrared reflectography of paintings”, Infrared 
Physics & Technology 49, 2007, pp. 239–242. 
[4] D. Bertani, L. Consolandi, C. Galassi, “High-resolution infrared reflectography of paintings: a prototype for 
the examination of large surfaces”, 4th Internazional Congress of Science and Technology for the Safeguard of 
Cultural Heritage in the Mediterranean Basin, Cairo, 2009. 
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Stability of synthetic ultramarine blue pigment in modern 
paints: Influence of UV light 
Valentina Pintus(1), Manfred Schreiner(1)
(1) Institute of Science and Technology in Art, Academy of fine Arts, Schillerplatz 3, 1010 Vienna, Austria 
Synthetic ultramarine blue pigment is a widely used paint material in the field of modern and 
contemporary art. Ultramarine blue is a sodium alumina-silicate sulfate with the empirical 
formula(Na6Al6Si6O24S4), and is characterized by a sodalite framework where the S3- radical 
anions are mainly responsible for the blue color of the pigment while the S2
- radical anions 
represent the yellow chromophores. Some indications of the low stability to the UV light of 
the ultramarine blue pigment when mixed with synthetic binding media have been obtained in 
UV ageing studies of modern paints [1-3]. So far there have been no studies on the UV 
stability of the ultramarine blue pigment in modern and contemporary art.
In this work the stability of synthetic ultramarine blue pigment PB29 mixed with two different 
synthetic binding media were exposed to UV light and the specimens investigated by Raman 
spectroscopy, FTIR-ATR, and color measurements. For this purpose several mock-up 
samples were prepared by mixing an acrylic (Plextol® D498, Kremer Pigmente GmbH & Co. 
KG, Germany) and an alkyd (Medium 4, Lukas® Dr.Fr. Schoenfeld GmbH & Co., Germany) 
binder with ultramarine blue pigment PB29 (Kremer Pigmente GmbH & Co. KG, Germany), 
which were dried at room temperature and then artificially UV aged for different periods of 
time. Commercial acrylic and alkyd ultramarine blue paints from different companies were 
also included for this study.
After UV ageing, with Raman analysis a decrease of the ratio of S3
- and S2
- radical anions was 
detected in the mock-up samples as well as in some commercial blue paints, indicating a 
variation of the content of S3
- and S2
- chromophores in the sodalite cage. Additionally a color 
change was determined by color measurements by showing a shift in the 
a*(redness/greenness) and b* (yellowness/blueness) values of the aged samples. An increase 
in L* (lightness/darkness) value of some commercial blue paints was also shown by color 
measurements, corresponding to a brightening of the samples. This was mostly due to an 
accumulation of the CaCO3 and BaSO4 extenders in the surface of the blue paints as shown by 
Raman analysis. The presence of different extenders in the commercial paints such as calcite 
(CaCO3), kaolinite (Al2Si2H4O9), and barites (BaSO4) was investigated by FTIR-ATR 
analysis.
[1] V. Pintus, S. Wey, M. Schreiner, Analytical Bioanalytical Chemistry 402(2), 2012, 1567:1584 
[2] V. Pintus, M. Schreiner, Analytical Bioanalytical Chemistry 399(9), 2012, 2961-2976
[3] V. Pintus, R. Ploeger, O. Chiantore, S. Wey, M. Schreiner, Journal of Thermal Analysis and Calorimetry 
114(1), 2013, 33-43
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Examination, Conservation and analysis of composed 
Egyptian Ibis Statue
Shimaa Mahmoud (1), Yasunori Matsuda (2)
Inorganic artifacts Lab, Conservation Center, Grand Egyptian Museum- (GEM-CC), Egypt. )1(
Conservation Center Project, Japan International Cooperation Agency (JICA), Egypt. )2(
Abstract:
This article discusses the major issues related to modern studies on objects and 
materials of historical or cultural heritage, which usually involve the use of non-
destructive and micro analytical techniques which employed for various purposes and 
particular for cultural heritage because the conservation and restoration of materials 
and artifacts need for analytical method that are able to provide information on the 
chemical nature, composition of selected parts of artifacts to elucidate their 
provenance, the state of alteration of the object as a result of short, medium and long 
term exposure to environmental conditions ,and the effectiveness of conservation 
strategies during and after application, so that this paper describes the  available 
applications of non-destructive and micro analytical techniques to ibis statue related 
to late period in Egyptian Civilization excavated from Tona el-gabal in el-minea by 
Cairo university excavations in 1946 & the current location is inorganic storeroom at 
grand Egyptian museum - conservation center and it is obvious from visual 
examination and analytical techniques  the object  made compositely from various 
materials, previous interventions showed contemporary support by the wooden base 
with iron pins and wire until the transfer as well as nature of corrosion product on the 
metal surface of the statue which was identified by X-ray diffraction analysis and 
scanning electron microscope with EDS, missing part from  the leg of the statue, and 
will discuss possible and suitable ways to extend life of the Ibis statue with safe and 
stable material (Plexiglass) which doesn’t react with any material used in the artifacts 
of the ancient Egyptian civilization.
.H\:RUGVnon-destructive, micro analytical, Egyptian Civilization.
Janssens, K., et al "The use of Microscopic XRF for non-destructive analysis in art and archaeometry", 
X-Ray Spectrum 29, 73-91, ©2000 John Wiley &Sons, Ltd.
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Yuping Yang(1)*, Zhenwei Zhang(2), and Cunlin Zhang(2)
(1) School of Science, Minzu University of China, Beijing 100081, P. R. China;
(2) Beijing Key Laboratory for Terahertz Spectroscopy and Imaging, Key Laboratory of Terahertz
Optoelectronics, Ministry of Education, Department of Physics, Capital Normal University, Beijing 100048, P.
R. China
The identification and quality determination of mineral pigments on ancient Chinese artworks
is of major significance in art authentication, analysis and conservation. In order to achieve
the exact chemical mature of these pigments, more than one modern analytical techniques,
such as X-ray diffraction (XRD), gas or liquid chromatography, Raman and FTIR, are
frequently employed together for an unambiguous result [1-3]. As an attractive and unique
spectroscopic technique in the FIR range, Terahertz time-domain spectroscopy (THz-TDS)
can reveal rich structural information of molecules and have recently been highlighted as yet
another tool for conservation science[4].
Here, the vibrational spectra of seven red mineral pigments used in ancient Chinese artworks,
cinnabar [ZhuSha, ZS], vermilion [YinZhu, YZ], scarlet red [ZhuBiao, ZB], minium
[QianDan, QD], red ochres [TieHong, TH], carmium [YanZhiHong, YZH] and alizarin
[QianSu, QS], are presented in the range of 0.2-3.0 THz (10.0-100.0 cm-1). The THz spectra
of bright red pigments composed by HgS, ZS, YZ and ZB, are shown in Fig.1. Strong peaks
at 1.142 and 2.649 THz are observed. The absorption baseline of ZS, however, rises with the
increase of frequency while absorption peak at 2.649 THz becomes weaker due to the
scattering of its bigger particles and impurity of crystalline. In contrast, the strong peaks of
QD, the main components of which is Pb3O4, are recorded at 1.859 and 2.518 THz with some
weak peaks at 1.639, 2.137 and 2.606 THz, as presented in Fig.2. However, YZH and TH
show no spectral features and QS gives a weak broad band between 1.70~2.90 THz. Such
THz fingerprint spectra provide a rapid and nondestructive method for the identification of
these mineral pigments.
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Fig.1 THz spectra of ZS, YZ and ZB Fig.2 THz spectra of QD, YZH ,QS and TH
[1] L. Burgio, R. J. H. Clark, Spectrochimica Acta Part A , 2001, 1491-1521
[2] H. E. Mayhew, D. M. Fabian, S. A. Svoboda, K. L. Wustholz, Analyst , 2014, 4493-4499
[3] C. L. Aibeo, S. Goffin, O. Schalm, et al., J. Raman Spectrosc. , 2008, 1091-1098
[4] T. Hong, K. Choi, T. Ha, et al., Journal of Korean Physical Society (5), 2014, 727-732
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Non-Invasive Archeological Prospecting Using Ground 
Penetrating Radar (GPR) in Cerro del Teúl and Tamtoc, 
Mexico
Becket Lailson(1), Karla Castro (1), Nicolás Caretta(1), Peter Jiménez(2), Laura Solar(2),
Estela Martínez(3)
(1) Facultad de Ciencias Sociales y Humanidades, UASLP,, S.L.P., CP 78494, México.
(2) Centro INAH-Zacatecas, Zacatecas, CP 98000, México.
(3) Dirección de Estudios Arqueológicos INAH,  Ciudad de México, CP 06000, México.
Non-invasive technologies such as Ground Penetrating Radar (GPR) have very  useful applications 
in archeology, especially in the study  of the physical characteristics of rocks and soils related to 
cultural elements. It is possible to generate ideas about what is buried prior to excavation, provided 
that the site is thoroughly explored following a detailed survey sequence and the reflectances that 
are obtained are interpreted correctly. The buried cultural artifacts produce modifications in the soil, 
and the detection of interphases between the archeological features and the underground context is 
possible based on the refraction data generated by the device, which interprets differences in the 
electromagnetic properties of the materials comprising the soils and physical relics [1].
Geophysical prospection was carried out in two sites in different regions of the country. The first 
was the pre-Hispanic city of Tamtoc, situated in the Huasteca Potosina, which is considered the 
most important site in the region. It had various peaks between 300 BC (Preclassic) up to 1400 AD 
(Postclassic). In the last phase of occupation, the archeological record notes an important population 
increase that is reflected in intense construction activity and the manufacture of large format 
sculptures [2].
The second prospected zone was the archeological site at Cerro del Teúl, located in the southern 
section of the current state of Zacatecas, representing one of the most important ceremonial sites in 
the region, based on its sacred connotation for the Caxcanes. The archeological materials recovered 
to date indicate that the Cerro was occupied from 200 BC until Spaniards made contact in 1531 AD. 
One of the main objectives of the archeological project underway is to define the earliest 
architecture associated with the presence of the shaft tombs [3].
This work presents the advances achieved in the studies carried out with the GPR (SIR-300 GSSI) 
in ceremonial and residential areas of the above mentioned sites in order to detect the presence of 
funeral (shaft tombs) and architectural (walls of rooms, drainage) elements, among others. At the 
Teúl site, three ceremonial sectors were explored: 1. Tumba de tiro 4; 2. Patio Hundido; 3. Tumba 
de tiro 5, covering more than one hectare. At Tamtoc, three other areas were prospected: 1. West 
sector of the Sacerdotisa Stele; 2. Montículo Noroeste; 3. Andador de Túmulos, comprising more 
than half an hectare. The knowledge generated by the interpretation of the reflecting GPR data 
reveal features that researchers may use as a guide in the further excavations.
[1] Conyers Laurence, Ground-Penetrating Radar. Remote Sensing in Archaeology (Jay K. Johnson ed.) University of 
Alabama Press, 2006, pp. 131-159.
[2] Stresser-Peán, Guy y Stresser Peán Claude. Tamtok.  Sitio arqueológico huasteco. COLSAN,  CONAULTA, INAH, 
Le Centre Francais d'Etudes Mexicaines et Centraméricaines., First. Volumen I, su historia, sus edificios. 2001.
[3] Jiménez, Peter. El proyecto arqueológico del Cerro del Teúl: ¿Qué se busca en el Cerro? Niuki, 9, 2010, pp. 30-35.
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Pigment Characterization Using SEM and EDS on Pseudo-
Cloisonné Ceramics from Western and North-Central Mexico 
Karla Castro(1), Becket Lailson(1), Gerardo Villa(2), Guillermo Córdova(3), Ana Pelz(4)
(1) Facultad de Ciencias Sociales y Humanidades, UASLP,, S.L.P., CP 78494, México.
(2) Subdirección de laboratorios INAH, Ciudad de México, CP 06000, México.
(3) Dirección de Estudios Arqueológicos INAH,  Ciudad de México, CP 06000, México.
(4) Centro INAH-Aguascalientes, Aguascalientes, CP 20000, México.
The application of non-destructive microscopy techniques such as Scanning Electron Microscopy 
(SEM) and Energy Dispersive X-Ray Spectroscopy (EDS) have been very useful in 
geoarcheological studies in recent decades. They are semi-quantitative analytical methods which 
allow researchers to characterize the chemical and structural composition of diverse materials. The 
project under development is designed to characterize the composition of various pigments present 
in the pseudo-cloisonné décor; that is, to identify  the raw materials present in the pigments and/or 
preparation bases, and to use that knowledge to establish possible places of origin or provenance for 
the materials which comprise this decorative technique. 
Pseudo-cloisonné archeological ceramics are recognized as materials that were decorated using a 
technique consisting of the post-firing application of a polychrome inlay or coating [1] consisting of 
intricate motifs representing diverse themes. These objects are mainly associated with funeral rites 
and high social status, and their known time range is located between 200-900AD [2] [3] with a 
geographic distribution spanning the western and north-central regions of Mexico. 
SEM and EDS analyses were applied to more than 30 ceramic and pigment samples in order to 
characterize their chemical and structural composition; the results have been presented herein. The 
analyses aid in understanding the technological characteristics involved in the decoration, both in 
the application of conglomerating agents and the pigments. Our proposal will provide knowledge 
about the productive processes involved in pseudo-cloisonné ceramics and the social and cultural 
implications affecting their manufacture. Knowledge of the possible provenance of the raw 
materials also contributes valuable information about the interaction of the different pre-Hispanic 
regions which share this decorative tradition.
[1] Castillo, Nohemí, Algunas técnicas decorativas de la cerámica arqueológica de México, 1968, 15-17.
[2] Cabrero, M. Teresa, Arqueología Iberoamericana 16, 2012, 11-24. 
[3] Strazicich, Nicola, Archaeology Southwest 16(1), 2002, 7.
Pseudo-cloisonné ceramics (fragment), 
Chalchihuites Culture, Zacatecas.
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C. Cicero, Marco Marinelli, Massimo Marinelli, F. Mercuri, N. Orazi, S. Paoloni, 
M. Romani, G. Verona-Rinati, U. Zammit 
Department of Industrial Engineering, University of Rome “Tor Vergata”, Via del Politecnico 1, 00133, Rome, Italy 
Paintings are composed by inorganic and organic compounds, which might be subjected to 
degradation. An experimental characterization of the materials constituting the pictorial layer, 
pigments, binders and consolidants is required in order to prevent alteration and degradation 
phenomena. 
Specific non-destructive investigation techniques were recently developed aimed at the 
characterization and preservation of Cultural Heritage, such as Laser Induced Fluorescence (LIF) and 
X-Ray Fluorescence (XRF). Indeed, such techniques are frequently employed in this field because of 
their peculiar advantages, i.e. high sensitivity, non invasive nature and prompt response. In particular, 
time resolved LIF was proved to better discriminate among different contributions in the fluorescence 
spectra. This, in turn, makes it possible to identify the spectral contribution of the principal 
constituents of the samples, by discriminating among their different decay times. 
In this work, a detailed characterization of several Phtalocyanines (Pc), the most important
chromophoric system of the twentieth century, by time resolved LIF and XRF spectroscopy was 
carried out in our laboratories. Multispectral analysis was performed as well on the very same 
samples, so as to end up with a comprehensive characterization of such compounds. 
The LIF analysis was performed by using a 210-2400 nm tunable laser (Opolette by Opotek), in 
conjunction with a 300 mm spectrograph (Acton Research 300i), equipped with a gated multichannel 
plate CCD camera (PI-MAX by Princeton Instruments), with 2 ns time resolution. As for the XRF 
analysis, the ELIO system by XGLab was used. A NIR-converted Nikon D7100 and a XENICS Xeva-
1.7-640 Short Wave Infrared (SWIR) camera were used for multispectral imaging studies. 
Experimental results confirmed that it is possible to clearly isolate specific contributions from 
different constituents of the sample through a time resolved analysis of the LIF spectra, due to the 
different decay time of their fluorescence emissions. The results obtained by the LIF technique, were 
then integrated with the ones achieved both by the elemental analysis through the portable XRF 
spectrometer and by multispectral imaging. 
In conclusion, the combination of the above-mentioned complementary diagnostic techniques 
allows an exhaustive study of the panting materials in order to properly assess its conservation state 
and prevent and/or cure degradation phenomena. 
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(1) “Nello Carrara” Institute of Applied Physics of the National Research Council (IFAC-CNR), Via Madonna del 
Piano 10, 50019 Sesto Fiorentino, I
(2) - Selex ES, A Finmeccanica Company, Via Albert Einstein 35, 50013 Campi Bisenzio, I 
(3) - Selex ES Consultant, Florence, I
In the last decades hyperspectral imaging emerged as one of the most promising approaches for 
both non-invasive diagnostics and documentation of polychrome surfaces in the field of Cultural 
Heritage. Hyperspectral imaging techniques are based on the capture of a sequence of quasi-
monochromatic reflectographic images of the investigated surface over an extended spectroscopic 
range, typically the Visible (VIS) and/or Infrared (IR) regions. The data-set acquired, called file-
cube, consists of hundreds of spectrally contiguous images and contains both spectral and spatial 
information about the investigated area. These data are exploitable to extract high resolution spectra 
per each pixel of the imaged scene, thus providing useful information on the constituting pictorial 
materials and on their distribution. Moreover, the file-cube may be processed by means of 
multivariate methods of data analysis, such as the Principal Component Analysis, to extract 
elaborated maps where hidden structures and details, such as retouches, pentimenti, etc., may be 
visualized. Despite its vast potentialities for investigating diverse categories of artworks, so far 
hyperspectral imaging applications have been mostly limited to easel paintings, with very few 
exceptions to other types of artworks. This is mainly due to the fact that hyperspectral systems 
tailored for the museum context typically work at short-distance from the targets and can cover 
limited size surfaces. To overcome this limitation and extend hyperspectral imaging applications to 
mural paintings, frescoes or other kind of large size surfaces, a remote sensing approach, based on 
use of avionic sensors capable of hyperspectral data from distances of the order of tens of meters, 
has been recently considered. However, several issues related to the specific applications in the 
conservation context still have to be addressed and this methodology needs to be validated with 
laboratory tests on suitable targets. A collaborative study between IFAC-CNR and Selex ES 
(Florence site) has been carried out in order to compare diverse concepts of hyperspectral devices 
for cultural heritage and to evaluate their applicability in different contexts. To this aim laboratory 
tests carried out on specifically prepared mock-paintings targets have been carried out using two 
different hyperspectral imagers: the IFAC-CNR hyperspectral scanner specifically designed for
acquisition of high quality spectral images, and the Galileo Avionica Multisensor Hyperspectral 
System (SIM-GA), the ground version of the avionic hyperspectral imager designed for applications 
from mobile platforms. The targets used were prepared according to traditional pictorial techniques 
and using typical artistic materials in order to simulate different situations of interest in real cases. 
A comparative evaluation of performances and characteristics of the two systems is presented, with 
a focus on validation and applicability of the avionic imager to unexplored contexts, such as 
outdoor or large size mural paintings. 
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Non-destructive investigation of pigments in painted 
terracotta of architectural buildings and votive figurines 
manufactured in Greek Sicily 
A. Orlando(1,2), C. Caliri(1), R. Catalano(1,3), G. Lamagna(4), A.M. Manenti(4), G. 
Monterosso(4), G. Mascali(1,6), A. Musumeci(4), L. Pappalardo(1,5), F. Rizzo (1,6),
F.P. Romano(1,5), H.C. Santos(1,7)
(1) INFN-LNS, Via Santa Sofia 62, 95123, Catania, Italy
(2) INAF-OACT, Via Santa Sofia 78, 95123, Catania, Italy 
(3) INFN-Sez. di Catania, Via Santa Sofia 64, 95123, Catania, Italy 
(4) Museo Archeologico Regionale “Paolo Orsi”, Via Teocrito 66, 96100 Siracusa, Italy 
(5) IBAM-CNR, Via Biblioteca 4, 95124 Catania, Italy  
(6) Università di Catania, Dipartimento di Fisica e Astronomia, Via Santa Sofia 64, 95123, Catania, Italy 
(7) Instituto de Física, Universidade de São Paulo, SP, Brasil 
   The compositional and mineralogical characterization of archaeological artworks provides 
strong indications for the nature of raw materials, the manufacturing technology, the 
authenticity, the conservation state as well as to suggest guidelines for a conservation policy. 
In addition, the analytical results offer the unique opportunity to gain novel information on 
the cultural, social and commercial level of civilization of the ancient cultures and on their 
evolution during the time. In particular, painted artworks allows new insights on the ancient 
painting techniques, the artistic styles, the materials and receipts used for the pigment 
production as well as on the skill of the manufacturing workshops.
   The strong requirement of archaeologists and curators for the use of nondestructive 
analytical methods during the examination of the archaeological material, makes X-ray based 
techniques an important tool for the analysis of the cultural heritage. This work illustrates the 
combined use of the portable XRD, XRF and 2D-micro-XRF nondestructive techniques for 
the compositional and mineralogical characterization of painted terracotta manufactured in 
Sicily during the Greek civilization form the 6th the 3rd century b.C. The analysis was 
performed in-situ on the archeological artworks belonging to the collection of the “Paolo 
Orsi” Archeological Museum in Syracuse (Sicily).
   Two different typology of terracotta founds during the excavations of different 
archeological sites in Eastern-central Sicily were investigated during the research. The 
analyses were devoted to obtain the chemical and mineralogical composition of: a) the 
painted decoration of Greek buildings (the Athenaion and Apollonion temples in Siracusa and 
materials from the sites of Megara Iblea, Monte Casale, Monte San Mauro and Naxos) 
manufactured with fired black, white and red pigments; b) the votive figurines from the 
Hellenistic production centres of Syracuse and Centuripe, painted “a secco” by using pink, 
red, blu, black, yellow and white pigments.
   Preliminary analytical results of the two typologies of the painted terracotta are presented 
and discussed.
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Departamento de Física, Faculdade de Ciências e Tecnologias, Universidade Nova de Lisboa, 2829-516 Monte 
da Caparica, Portugal 
(3) Faculdade de Belas-Artes da Universidade de Lisboa, Largo da Academia Nacional de Belas-Artes, 1249-
058 Lisboa, Portugal 
(4) Departamento de Química, Escola de Ciência e Tecnologia, Laboratório HERCULES, Universidade de 
Évora, Largo Marquês de Marialva, 8, 7000-809 Évora, Portugal 
(5) Laboratório José de Figueiredo, Direção Geral do Património Cultural, Rua das Janelas Verdes, 1249-018 
Lisboa, Portugal  
Local reddish brown, brown or yellowish color spots, known as foxing, commonly found on 
old papers still have unknown origin. There has been a large amount of research published on 
foxing formation, but until now, the nature of foxing is still under discussion [1-3]. Several 
factors are presumably involved in this form of paper deteoration, such as, chemical 
degradation as acid hydrolysis or autoxidation of cellulose due to the presence of metal ions 
and moisture content, relative humidity and surrounding environment as well as 
microbiological contamination caused by fungi and bacteria under certain conditions [2-4]. 
The paper samples under study date back to the XVIII and XX centuries and present different 
types of foxing stains. Some stains are multiple small of grey/brown tone while others present 
higher dimensions or diffuse irregular shape and size. Fluorescence under UV light is 
observed in some cases. This study aims to contribute to the understanding of the abiotic and 
biotic causes of this phenomenon and also characterize it from a chemical and morphological 
point of view. To achieve this, a multi-analytical approach was used. Photographic imaging 
under different illuminations and optical microscopy were used to evaluate the tones of paper 
samples and stains and paper topography. Foxed and unfoxed areas were also analyzed by 
vibrational spectroscopy using micro-Fourier transform infrared spectroscopy (µ-FTIR) in the 
ATR mode to obtain distribution profiles of compositional and degradation products. The use 
of µ-X-ray diffraction (µ-XRD) allowed to investigate the crystalline fillers used in paper 
production. Elemental composition from fillers and contamination and fibres’ morphology 
were evaluated by scanning electron microscopy coupled with energy dispersive X-ray 
spectroscopy (VP-SEM-EDS) and elemental mapping under micro-EDXRF spectrometry (µ-
EDXRF) was carried out to identify any possible metal contamination on the stains and 
surrounding areas. Evaluation of metallic elements distribution namely, iron and copper, was 
done by inductively coupled plasma mass spectrometry (ICP-MS) and laser ablation 
inductively coupled plasma mass spectrometry (LA-ICP-MS). Microbiological studies were 
carried out in order to evaluate the influence of biotic attack in the foxed papers. 
[1] M.S. Rakotonirayni, E. Heude, B. Lavédrine, Journal of Cultural Heritage (8), 2007, 126. 
[2] R. Buzio, P. Calvini, A. Ferroni, U. Valbusa, Applied Physics A (79), 2004, 383. 
[3] S. Manente, A. Micheluz, R. Ganzerla, G. Ravagnan, A. Gambaro, International Biodeterioration & 
Biodegradation (74), 2012, 99. 
[4] M. Manso, M. Costa, M. L. Carvalho, Applied Physics A (90), 2008, 43. 
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Photographic negatives are unique camera images used as masters for the production of multiple 
positive. These materials are an important part of cultural heritage due to their ethnographic, 
social and artistic value [1]. A black & white negative image is basically composed of three 
generic components: a glass or plastic support; an image-forming material (metallic silver 
particles); and a binder, gelatin being the most common since the beginning of the 20th 
century. The last two components are the main materials of the photographic emulsion layer 
[1, 2]. Cellulose acetate and gelatin negatives are susceptible to various types of degradation 
which can be grouped into three major categories: chemical, physical and biological [3]. A 
common degradation process is the hydrolysis of cellulose acetate, referred to “vinegar 
syndrome”, which causes bubbling, channelling, and the formation of crystalline deposits 
between the layers of the negative. Cellulose acetate films are autocatalytic meaning that as 
the film becomes more acidic, this acidity further accelerates the deterioration process [3]. 
Other type of degradation is microbial deterioration which is considered a major cause of 
defacement and loss of mechanical and aesthetical properties. The production of enzymes and 
organic acids by microorganisms can lead to the solubilisation and disintegration of the 
image, damaging the gelatin emulsion [4].
In this work, acetate negatives from the mid-20th century belonging to a private collection 
were studied. Photography and detailed macro-photography were done under standard light, 
UV/Vis fluorescence light and raking light. Morphological aspects, particularly on degraded 
areas, were also evaluated by optical microscopy and variable pressure scanning electron 
microscopy with energy dispersive X-ray spectrometry (VP-SEM/EDS). Elemental 
composition was also obtained by X-ray fluorescence (XRF) spectroscopy and Fourier 
transform infrared spectroscopy in attenuated total reflexion (ATR-FT-IR) mode supplied 
important information about the emulsion and plasticizers used in the production of the 
negatives.  
Biological colonization was also studied in order to evaluate the influence of biodeterioration. 
Bacteria isolated from the old negatives were used to induce biodeterioration on modern 
photographic films of cellulose acetate. Morphological and chemical characterization of the 
modern negatives were done before and after the study.  
Acknowledgements 
The authors wish to acknowledge Francisco Almeida for the photographic negatives collection and Sónia Costa 
for the photographic imaging. 
[1] M.F. Valverde, Photographic negatives. Nature and evolution processes, 2nd ed., George Eastman House and 
Image Permanence Institute, Rochester, USA, 2005. 
[2] M.J.L. Lourenço, J.P. Sampaio, International Biodeterioration & Biodegradation, 63, 2009, 496. 
[3] M.C. Sclocchi, E. Damiano, D. Matè, P. Colaizzi, F. Pinzari, , International Biodeterioration & 
Biodegradation, 84, 2013, 367. 
[4] J.L. Bigourdan, J.M. Reilly, Image and Sound Archiving and Access: the Challenges of the 3rd Millenium,
proceedings of the Joint Technical Symposium Paris, 2000, 14.
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SEM-EDX analysis of transferred wall painting to 
determine original painting technique 
Núria Oriols(1), Johann Osmond(2) and Paz Marqués(1) 
(1) Museu Nacional d’Art de Catalunya, Parc de Montjuïc, 08038 Barcelona - SPAIN 
(2) ICFO-Institut de Ciencies Fotoniques, Av. Carl Friedrich Gauss, 3, 08860 Castelldefels, Barcelona - SPAIN 
The process of detachment and transfer of wall paintings from original to a new support may 
introduce organic products in the painting layers. These products may then interfere in the 
successive test used to determine the original painting technique (fresco or secco). To solve 
this problem we have designed an indirect analysis methodology based on SEM-EDX of 
cross-sections of paint samples to obtain distribution maps of major elements. 
The first part of the study consisted of creating a collection of replicas. They were produced 
with different pigments and various mediums: water and lime water -for fresco technique-, 
and lime water, egg, animal glue and casein –for secco technique-. The different mixtures 
were applied over dolomitic lime plasters, with about 1 hour (fresco) and 30 days (secco) of 
setting time. All samples were analyzed 1 year after their application. Elemental SEM-EDX 
maps showed different Ca-distributions depending on the original fresco or secco technique. 
Other elements, such as P, provide information about the organic compound used as a binder. 
In fresco samples, a Ca accumulation was observed in the superficial layer of the cross-
section (Fig. 1). This Ca-rich layer is directly related to the carbonation reaction [1]. The 
dissolved atmospheric CO2 in the superficial water film causes acidification which promotes 
dissociation and migration of Ca(OH)2 from the mortar. The calcium and carbonate ions form 
CaCO3, decreasing porosity by calcite precipitation, and retarding carbonation in the inner 
portion of the layer [2]. However, in the secco samples this Ca-rich layer is present in the 
interface between the mortar and the paint layer (Fig. 1). 
On the other hand, no significant accumulation of Mg from dolomitic lime mortar was 
observed (Fig. 1). It is interpreted that the Mg(OH)2 does not carbonate because of its lower 
solubility compared to the solubility of Ca(OH)2 [3]. 
Finally, considering these observations, we studied the painting technique of some original 
Romanesque detached and transferred wall paintings from the Museu Nacional d'Art de 
Catalunya. Most of them were frescoes with secco finishes, as in Sant Romà de les Bons. 
Fig. 1 SEM-EDX elemental maps of different wall painting replicas with red iron pigment. 
[1] K. Elert, C. Rodríguez-Navarro, S. Pardo, E. Hansen, O. Cazalla, Studies in Conservation 47(1), 2002, 62-75. 
[2] R.Piovesan, C. Mazzoli, L. Maritan, P. Cornale, Archeometry 54(4), 2012, 723-736. 
[3] J. Lanas, J.J. Álvarez, Thermochimica Acta 423, 2004, 1-12. 
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Oxford OX1 3QY
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Hemp-based mortars are peculiar bio-materials composed of hemp and lime, often used in the 
renovation of historic buildings with serious problems of dampness [1]. At macro-scale, hemp 
mortar is a flexible and hard composite that adheres to most building materials (e.g. old 
plaster and render, wood [1]) without causing shrinkage (i.e. volume reduction due to rapid 
evaporation of water during mortar drying). However, from a chemical and morphological 
point of view, it is a complex material [2] that needs to be fully investigated to ensure high 
performances in the building. One of the difficulties of assessing the quality of a mortar 
depends on the fact that, contrary to a stone, its chemistry, mineralogy and morphology 
change continuously during hardening of the material. The hardening process of a lime 
mortar, named carbonation, consists in the slow transformation of calcium hydroxide (pH ~ 
12) into calcium carbonate, due to exposition to atmospheric CO2 [3]. During this process, the
mix of binder (e.g. lime, cement) and aggregate (e.g. stone, fibres) loses water and turns into a 
hard and resistant material. Whilst in a typical mortar made with lime and stone aggregate 
only lime changes due to carbonation, in a hemp mortar also hemp fibres are likely to be 
modified during this process, owing their organic nature.  
In this work, 13C CP-MAS NMR analyses have been carried out on the hemp fibres collected
from the hemp-lime mix at different time intervals during carbonation, with the aim to study 
changes in the crystallinity of cellulose and the amount and type of polysaccharides
constituting the hemp. Furthermore, non destructive, non-invasive NMR analysis [4,5] was 
also performed to investigate water absorption and distribution in hemp-based mortars.
This study certainly contributes to the knowledge of this outstanding bio-material, which is 
increasingly used both in new and historic buildings. 
[1] R. Bevans, T. Woolley. HIS BRE Press. Bracknell, UK, 2008, 15, ISBN: 978-1-84806-033-3.
[2] A. Arizzi, G. Cultrone, M. Brümmer, H. Viles. Construction and Building Materials, 75, 2015, 375-384.
[3] D.R. Moorehead. Cement and Concrete Research 16, 1986, 700-708.
[4] V. Di Tullio, N. Proietti, D. Capitani, I. Nicolini, A. M.   Mecchi, Analytical Bioanalytical Chemistry, 
400(9), 2011, 3151-3164. 
[5] V. Di Tullio, M. Cocca, R. Avolio, G. Gentile, N. Proietti, P. Ragni, M. E. Errico, D. Capitani, M. Avella 
Magnetic Resonance in Chemistry, 53, 2015, 64-77.
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Micro-Raman on flax fibers: ageing fingerprints in spectra 
Bonizzoni L.(1), Bruni S.(2), Fanti G.(3), Tiberio P.(1) and Zaffino C.(2) 
(1) Università degli Studi di Milano, Dipartimento di Fisica, via Celoria 16, 20161 Milano (Italy) 
 (2) Università degli Studi di Milano, Dipartimento, via Venezian 21, 20161 Milano (Italy) 
(3) Università degli Studi di Padova, Dipartimento di Ingegneria Industriale, via Venezia 1, 35131 Padova 
(Italy) 
Flax fiber (Linum usitatissimum) is probably the earliest textile material and holds a great 
archaeological interest [1]. The possibility to define a connection between ageing and 
molecular characteristics is thus a concrete purpose aiming to help indirect dating. The flax 
fibers mainly consist of cellulose, hemicellulose, lignin and pectic material.  
Vibrational spectroscopy, and in particular Raman spectroscopy, has been already used to 
give a non-destructive characterization of archaeological flax fabrics [2,3]. While larger 
acquisition areas and IR excitation (λexc = 1064 nm) were used in [3], in the present work 
micro-Raman spectroscopy and visible-excited fluorescence spectroscopy were applied to 24 
micrometric-sized fibers from historical linen (dating from about 3000 B.C. to the XVII cent.) 
and 12 crude or treated modern fibers. Micro-Raman and micro-fluorescence spectra were 
acquired respectively by means of a JASCO NRS-5000 Raman system (λexc = 785 nm) and of 
a JASCO RMP-100 microprobe coupled with a Lot Oriel MS25 spectrometer and with a 
frequency-doubled Nd:YAG laser (λexc = 532 nm).   
In the examined spectral range, from 70 cm-1 to 2600 cm-1,  the ratio between 1121 cm-1 and 
1096 cm-1 bands has been proved to be a possible signature of ageing [4,5]. Evaluating the 
above-mentioned band ratio (I1121 cm-1/ I1096 cm-1) after baseline correction, micro-Raman 
spectra show that modern samples exhibit a quite constant ratio value of 0.85±0.05, which 
diminishes (up to 0.7) if the linen fiber is heated or bleached. Fibers form archaeological linen 
show a reduced value for the ratio, that decreases to about 0.5 depending on the age and on 
the conservation conditions. It should be emphasized that for the most ancient samples or the 
most severely aged modern samples, the above ratio could not be determined due to the high 
fluorescence background overlapping the Raman signals. 
As the possible presence of non-cellulosic carbohydrates in the linen fiber can produce a 
different spectral pattern, especially in the 280-600 cm-1 region, with variations of relative 
signal intensities, multiple spectra relative to the same fibers must be acquired, selected and 
averaged, thus reducing also the possible contribution of extraneous material. 
A Pearson correlation value of about 0.7 between the intensity of the fiber fluorescence 
emission and the age of the flax samples is also obtained, showing variations mainly due to 
the possible influence of other features such as contamination from organic substances 
(balms, dyes etc.). 
In conclusion, this study opens a perspective on the possibility of a truly micro-destructive 
investigation of ancient textiles, exploiting the molecular specificity of spectroscopic 
techniques. 
[1] E.J.W. Barber, Prehistoric Textiles, Princeton University Press, Princeton, NY, USA, 1991, p.12 
[2] H. G.M. Edwards, D. W. Farwell, D. Webster, Spectrochemica Acta A, 53, 1997, 2383. 
[3] G. Fanti, P. Baraldi, R. Basso, A. Tinti, Vibrational Spectroscopy 67, 2013, 61. 
[4] H. G.M. Edwards, N. F. Nikhassan, D. W. Farwell, P. Garside, P. Wyeth, J. Raman Spectrosc. 37, 2006, 
1193. 
[5] ͘ Jahan, M.W. Schröder, M. Füting, K. Schenzel, W. Diepenbrock, Spectrochemica Acta A, 58,  2002, 
2271. 
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(1) Department of Biology, Ecology and Earth Sciences, University of Calabria, Arcavacata di Rende (CS), Italy 
 (2) Department of Humanities, University of Calabria, Arcavacata di Rende (CS), Italy  
This study concerns the compositional characterization of 5 samples of Dressel 2-4 roman 
amphorae, dating from the second half of the first century B.C. and the first century A.D., and 
other 6 samples of ceramic materials taken from Cariati (Calabria, Southern Italy). 
Representative samples of clays and sand were also collected, from the outcrops present in the 
area, to study the provenance of the local raw materials used in the production of the pottery.  
The samples were analyzed by Polarized Optical Microscopy (OM), X-ray fluorescence 
(XRF), X-ray powder diffractometry (XRPD) and Raman Spectroscopy.
To determine the mixtures of local clay and sand used for the production of the archaeological 
pottery, an innovative approach was used. It is based on the calculation of the theoretical 
simulated chemical composition using an optimization tool “Solver” [1] on the chemical 
composition of the local raw materials.
The analyses performed allowed to obtain a complete chemical, mineralogical and 
petrographic characterization of the samples, identifying the provenance of the raw material 
used for their production. The study shows, for the first time, that the production of Dressel 2-
4 also occurred in Ionian Calabria, confirming the hypothesis moved by several researchers
about the production of the Dressel 2-4 amphorae in the Tyrrhenian area of ‘Bruttii’ (Calabria 
of today) and along the Calabrian Ionian coast in general [2-3].
[1] D. Filstra, L. Lasdon, J. Watson, A. Waren, Interfaces 28, 1998, 29-55.
[2] A. B. Sangineto, Ferrari Editore, Rossano Calabro, 2012, 65-75. 
[3] A. Ruga, in R. Spadea (ed.). Giorgio Bretschneider Editore, Roma, 2014, 181-272. 
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Alena Hostašová(1), Klára Drábková(1), Petra Čadková(1) and Michal Ďurovič(1)
(1) Department of the Chemical Technology of Monument Conservation, University of Chemistry and 
Technology Prague, Technická 5, 166 28 Praha 6 – Dejvice, Czech Republic. 
Gamma radiation is one of the physical methods used in cultural heritage conservation 
for the disinfection of organic materials. In the past its efficiency was tested against the 
biodegrading agents such as moulds and bacteria and some minimal lethal doses for different 
species were determined [1]. Although the use of gamma radiation has many advantages, such 
as the full penetration or simple application, degradation of the organic materials can occur 
after the irradiation. Presented work was focused on the degradation processes that can be 
caused by gamma radiation in watercolor paintings. 
Different watercolors were prepared using gum arabic as binding medium and the 
following pigments: ultramarine, Prussian blue, French yellow ochre, verdigris and red lakes 
made from Brazilwood and buckthorn berries. Thin layers of water colors were applied on 
two types of paper: handmade paper from Velké Losiny (Czech Republic) and paper with a 
high content of mechanical pulp (wood). UV/VIS spectrometry was used for the colorimetric 
evaluation of the samples before and after the irradiation (60Co source, doses: 2.4, 5.2, 5.9 and 
10.9 kGy) and after the following accelerated ageing (80 °C for 12 days and 80 °C, 65 % RH 
for 28 days). For the monitoring of chemical changes infrared and Raman spectroscopy were 
used, as well as measurements of the viscosity that helped to determine the degradation of the 
gum arabic. 
 The colorimetric measurements showed that irradiation does not affect significantly 
the color of the watercolors nor the paper supports, although the degradation of paper by 
similar doses of radiation was documented in previous work using the viscosity measurements 
and observing the decrease in the average degree of polymerization [2]. More significant 
color changes were observed after the accelerated ageing. Differences were observed between 
some irradiated and non irradiated samples after the ageing. Under the selected experimental 
conditions the inorganic pigments seem to be more resistant. The most sensitive pigment, 
verdigris, was completely alternated under both types of ageing and was more profoundly 
studied by the infrared and Raman spectroscopy. 
[1] Horáková, H., Martinek, F. Disinfection of Archive Documents by Ionizing Radiation. Restaurator, 1984, 
vol. 6, p. 205–216. 
[2] K. Boumová, Účinek γ-zaření na mikroorganismy a papírovou podložku (Effect of γ-radiation on 
microorganisms and paper support), diploma thesis, UCT Prague, 2013. 
This work was supported by European Social Fund (ESF) and by state budget in ECOP programme (project 
VEPA - CZ.1.07/2.3.00/20.0236
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G. Shuvalov, E. Nistratova, V. Buzin 
 State Institution Gokhran of Russia, Laboratory for precious metals analysis and examinations 
14, 1812 goda st., , Moscow, 121170, Russia 
The elemental composition of artefacts and archaeological findings gives an important 
information for their characterization.  In this work, about 1000 coins and medals made of 
gold, silver and platinum were investigated using several non-destructive methods (X-ray 
fluorescence spectrometry, X-ray diffractometry, densitometry, acoustic methods). Among 
items investigated were Great Britain gold coins of XIX-XX, Russian platinum and silver 
coins, German silver coins and medals, and other historical coins. 
The investigations were carried out using: 
- portable energy dispersive X-ray spectrometers PRIZMA-M Au (Russia) and InnovX-
System Omega (USA); 
- X-ray diffractometer Rigaku Ultima IV (Japan);
- balances with built-in dencity measurement Sartorious AG (Germany);
- Digor Test System “Degussa” (Germany) 
The main procedure of chemical composition determination was fundamental parameter 
method. The accuracy of the results was checked using standard samples of  jewellery alloys. 
It would be unfair to assert about authenticity of samples, using only the chemical 
composition information. Therefore additional non-destructive investigations were conducted, 
such as numismatic and ultrasonic analysis. 
Some measurement results: 
Great Britain gold sovereigns: 
Au – 90-93%; Cu – 6-9%; impurities of Fe, Zn – 0-1% 
Density = 15,5 – 17,6 g/cm3
German silver coins: 
Ag – 90-99%, Cu – 10-1%; Pb <1%. 
Density = 8,3 – 10,51 g/cm3
German silver medals: 
Ag – 90-99%, Cu – 10-1%; Pb <1%. 
Density = 8,7 – 10,4 g/cm3
Russian  platinum coins: 
Pt – 95-99%; Fe – 0-2%; Ir – 0-2%; Cu <1%. 
Density = 19.3 – 21.4 g/cm3
The results were used for data base creation and for the development of method for 
identification of provenance and authenticity of coins and medals. 
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The work is part of a project supported by research grants from Italian Ministry of Education, 
University and Research PRIN 2010 “Rupestrian art and habitat in Cappadocia (Turkey) and 
in central and southern Italy. Rock, excavated architecture, painting: between knowledge, 
preservation and enhancement”. Cappadocia Region (Turkey) has been included in UNESCO 
World Heritage List since 1985 thanks to the geological landscape and rupestrian churches 
carved in “fairy chimneys” [1], earth pyramids produced by erosion of Miocene-Pliocene 
ignimbrites. These particular structures have hosted, since Neolithic Age, the populations of 
the area, especially the first Christian monastic communities that realized many of the 
rupestrian churches and the precious wall paintings inside. The Forty Martyrs church, dated 
back to the 9th - 13th Century, is located in Şahinefendi village, already well-known for the
ruins of Sobesos an ancient Roman city and 30 km far from the famous Göreme Open Air 
Museum. The church is part of a rupestrian complex made of many caves designed to 
different uses: storage, refectory, chapels and winery. 
The goal of this work is the characterization of the materials constituting the different rooms 
of the complex such as stone substrate, mortars and pigments of paintings. In this regard, 
different and complementary analytical techniques as optical microscopy (OM), SEM-EDS, 
FT-IR and micro-Raman provided important information about the raw materials, the 
identification of the source area of calcareous rocks used in the preparation of lime, the
production technologies and their presumable changes over time and related to the use of the 
rooms. A particular interest of our study concerns the identification of materials and 
techniques used for the painting of the church and of the materials of the mortars used in the 
chapel and in the storage rooms. Moreover GC-MS allowed to verify the archeological thesis 
about the real use of the rooms classified as wineries, by means of the analysis of the organic 
residues in the mortars constituting the possible tanks for wine production.
[1] M.F. La Russa, S.A. Ruffolo, N. Rovella, C.M. Belfiore, P. Pogliani, C. Pelosi, M. Andaloro, G.M. Crisci, 
Periodico di Mineralogia 83(2), 2014, 187-206.
TECHNART 2015 POSTER SESSION 1
P1-87
Applications of Fourier-Transform Infra-Red 
Spectroscopy to Archaeological Research. 
Luca Benedetti(1), Angela Berloffa(1), Davide Bottone(1), Gloria Ischia(1),
Camilla Saler(2), Stefano Gialanella(1)
(1) Dipartimento di Ingegneria Industriale, Università di Trento, via Sommarive 9, 38123, Povo, Trento, Italy. 
(2) Dipartimento di Lettere e Filosofia, Università di Trento, via T. Gar, 38122, Trento, Italy. 
Fourier-Transform Infra-Red (FT-IR) spectroscopy and related data anaysis methodologies 
are extremely powerful and versatile experimental tools for the characterisation of materials 
samples of interest for chemistry, physics, materials science, materials engineering and other 
research fields. This is so for several reasons, the main ones probably being that FT-IR is 
applicable to a wide range of samples, from gas to solids; moreover, data acquisition and 
analysis is comparatively fast, so that, at least a preliminary information on the investigated 
sample can be attained quite rapidly.
These aspects render FT-IR spectroscopy particularly popular also in the field of Cultural 
Heritage. In this respect, the possibility of carrying out fully non-invasive measurements, or 
just using extremely limited amount of material specimens, complies with one of the main 
requirement that a scientific method should have in order to be applicable to this investigation 
field.
Even archaeological research is benefitting from the possibilities afforded by FT-IR 
spectroscopy, that is nowadays used for several issues, that will be reviewd in this paper. For 
some of them, relevant case studies, concerning: heated flint, calcitic ceramics, calcite in 
plasters, diagenetic changes in bones will be discussed. For each one of these studies possible 
complementary charaterisation techniques, like X-Ray diffraction, scanning electron 
microscopy, energy dispersive X-ray spectroscopy, etc., suitable to achieve a better and more 
complete knowledge of the specific problem, will be also presented.
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Gellan hydrogel as a diagnostic and cleaning tool for paper 
artworks: a case study 
L. Micheli(1)*, C. Mazzuca(1)*, E. Cervelli(1), R. Lettieri(1), E. Bartolini(1), G. 
Palleschi(1), A. Palleschi(1).
(1) Dipartimento di Scienze e Tecnologie Chimiche, Università di Roma “Tor Vergata”, Via della Ricerca 
Scientifica snc, 00133, Rome, Italy 
Wet cleaning of ancient papers is one of the most delicate and important steps in a 
conservation treatment. It allows the improvement of the optical qualities of a graphic work, 
the removal of pollution, and the partial dissolution of organic substances resulting from 
cellulose degradation. Nevertheless, washing by immersion - the common treatment- usually 
involves a substantial impact on the original morphological structure of the paper and could 
be dangerous for water sensitiveinks and pigments.
Moreover, it is also very important that the time of the cleaning process is optimized in order 
to remove all pollution and degradation products and to minimize invasive treatments.  
In this contest, a new wet cleaning technique based on the use of a rigid hydrogel of Gellan 
gum has been recently developed [1].This gel is able to gradually release the water contained 
within their polymer network, [2] and to absorb the water-soluble degradation products 
present on paper. This compound is rigid and therefore its application and removal are fairly 
simple not leaving residues on the paper surface after  treatment. Moreover, it could be easily 
combined with selective electrochemical biosensors, suitable to monitor the cleaning process. 
By the combination of this biocompatible hydrogel and electrochemical sensors, we obtained 
a new tool for diagnostic and cleaning use. In this way, it is possible to know when the 
cleanup process will be completed, avoiding lengthy and sometimes unnecessary cleaning 
material applications [3]. 
Here we report the results obtained by applying the proposed system to the “Breviarium 
Romanum ad usum Fratum Minorum”, a breviary of 18th century, highlighting the advantage
and the potentiality of this new tool with respect to the traditional old paper cleaning 
methodologies. To this end, several invasive and not invasive techniques, such as, 
fluorescence microscopy, SEM, FTIR-ATR, HPLC have been used.  
Before treatment   After treatment 
[1] C. Mazzuca, L. Micheli, et al, Journal of Colloid and Interface Science, 416, 2013, 205-211
[2] C. Mazzuca C., Micheli L., et al., Applied Materials & Interfaces, 6, 2014, 16519−16528  
[3] L. Micheli, C. Mazzuca, et al., Advances in Chemistry, 2014, ID 385674, 
http://dx.doi.org/10.1155/2014/385674 (on line) 
* they contribute equally to the work
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Vibrational spectroscopy and chemometrics for the non-
invasive discrimination of azo pigments and metal 
complexes  
Francesca Gabrieli(1), Manuela Vagnini(2), Brenda Doherty(1*), Brunetto. G. 
Brunetti(3,4) and Costanza Miliani(1,4) 
(1) Istituto CNR di Scienze e Tecnologie Molecolari (CNR-ISTM), c/o Dipartimento di Chimica, Università degli 
Studi di Perugia, via Elce di Sotto 8, I-06123 Perugia, Italy. 
(2) Associazione Laboratorio di Diagnostica di Spoleto, piazza Campello 2, 06049 Spoleto (PG), Italy. 
(3)Dipartimento di Chimica, Università degli Studi di Perugia, via Elce di Sotto 8, I-06123 Perugia, Italy. 
(4) Centro di eccellenza  SMAArt (Scientific Methodologies applied to Archaeology and Art)  c/o Dipartimento 
di Chimica, Università degli Studi di Perugia, Perugia, Italy. 
The Azo pigments are significant in the timeline of modern pigment development and have 
become more important in recent years as the largest class in industry to meet increasingly 
stringent industrial requirements. It is the ongoing demand, use, continual evolution, degrade 
and environmental impact of these pigments in industry that have seen them gain considerable 
scientific attention [1]. Specifically in the cultural heritage field, the extensive variety of 
synthetic pigments available to contemporary and modern artists has lead to a surge in 
analytical studies aimed towards pigment characterization so as to supplement the knowledge 
necessary for the suitable conservation implementations. Few databases of selected reference 
azo dyes and pigments exist carried out predominantly by laboratory instrumentations, 
although the  specific determination of azo pigments actually present in mock or real artworks 
is ultimately scarse [2-5].  
In this contribution, non-invasive portable vibrational spectroscopic techniques, namely 
reflection mid-FTIR and 1064 nm dispersive Raman spectroscopy have been implemented for 
the study of the characteristic vibrational properties of 16 yellow, orange and red synthetic 
azo pigments and metal complexes of modern art relevance. Complementary information can 
be correlated to pigment manufacture through knowledge of the diazotization and coupling 
reaction sequences permitting a discrimination of azo pigments as powdered substrates. Given 
such, the vibrational spectroscopic response of the pigments in a mock painting with an 
acrylic binder has permitted specific spectral marker ranges to be determined, diagnostic in 
the identification of azo derivatives. Chemometric analysis has furthermore aided a more 
thorough separation of data beyond a visual interpretation through the discrimination of 
arylide, naphthol AS and beta naphthols, benzimidazolone, diazomethane, diazocondensation 
and metal complexes. This work serves as a prelude to the validation of a non-invasive 
working method for in-situ characterization of azo synthetic dyes through a careful 
comparison of respective strengths and limitations of each portable technique as a direct 
reflection of dye employment and discrimination in modern and contemporary artworks of 
cultural heritage importance. 
[1] K. Hunger Ed. Industrial dyes, Chemistry, Properties, Applications, Wiley-VCH, 3rd Edtn, 2003 
[2] S. A. Centeno, V. Lladó Buisan, P. Ropret, Journal of Raman Spectroscopy, 37,  2006, 1111. 
[3] M. R. Van Bommel, I. Vanden Berghe, A. M. Wallert, R. Boitelle, J. Wouters, Journal of Chromatography A (1157), 
2007,  260.  
[4] N. C. Scherrer, Z. Stefan, D. Francoise, F. Annette, K. Renate, Spectrochimica Acta Part A: Molecular and Biomolecular 
Spectroscopy 73 (3),  2009, 505  
[5] S. Carlesi, G. Bartolozzi, C. Cucci, V. Marchiafava, M. Picollo, Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy 104, 2013, 527. 
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Non-destructive XPS surface analysis in cultural heritage – 
surface composition of ancient brass instruments 
F. Cocco(1), M. Fantauzzi(1), B. Elsener(1,2) and A. Rossi(1)
(1) University of Cagliari, Department of Chemical and Geological Science, Cagliari, Italy 
 (2) ETH Zurich, Institute for Building Materials, Zurich, Switzerland 
X-ray photoelectron spectroscopy (XPS) is particularly well suited for characterizing cultural 
heritage artifacts because it is non-destructive, has excellent surface sensitivity in the 
nanometer depth range, can identify the elements and their chemical state allowing also 
quantitative analysis of thin layered systems. The technique can be applied to various 
materials: polymers, oxide, ceramics, metals, but since is requiring ultra-high vacuum it is not 
an in-situ technique.
In this investigation, that is part of a larger project [1], brass alloys (copper-zinc alloys) 
having chemical composition similar to that used for musical instruments of the XIX century, 
were characterized by X-ray photoelectron spectroscopy (XPS) and X-ray excited Auger 
electron spectroscopy (XAES). These two techniques are complementary and allowed the 
investigation of the brass surfaces before and after exposure to artificial saliva solutions [2 - 
4] at pH 7.4 and at ambient temperature. Analysis of brass by XPS is particularly challenging
since the chemical shift of the Zn2p3/2 signal in metallic zinc, Zn (met) and in zinc oxy-
hydroxides Zn (ox) is of few tens of eV. A similar situation is also found in the case of Cu 
(met) and Cu (I). The difference between the metallic and the oxidized states is better 
revealed by the CuLMM and ZnLMM signals. In this work emphasis is put on these signals 
for the identification of Cu and Zn chemical states by the Auger parameter and Wagner 
chemical state plots: Furthermore, a novel approach is proposed for determining the thickness 
and the composition of the patinas formed following the exposure to various environments. 
The model brass alloys in the “as received” state showed a 10 – 15 nm thick organic 
contamination layer on top of an oxidized surface. Cleaning with organic solutions allows the 
removal of the layer without modifying the optical appearance. Subsequent XPS and XAES 
analyses clearly revealed the oxide film composed of copper and zinc oxides. Immersion in 
artificial saliva for one hour revealed the presence of nitrogen, phosphorus and sulfur in 
addition to the components of the alloy: thus on the brass surface a thin inorganic film made 
of oxi-hydroxides, CuSCN and zinc orthophosphate was formed. The composition of the 
surface films formed in the different conditions will be reported at the conference. 
The results of the XPS surface analytical measurements are important for the interpretation of 
the electrochemical in-situ measurements on the ancient brass instruments [5].  
[1] T. Lombardo, et al., Brass instruments of the 19th and early 20th centuries between long-term conservation 
and use in historically informed performance practice, paper presented at this conference.  
[2] F. Cocco, Master thesis University of Cagliari (2014) 
[3] F. Cocco, M. Fantauzzi, B. Elsener, G. Peschke, A. Rossi, A multi-technique approach for characterizing 
patina formed on the surface of brass used for musical instrument of the XIX century, presented at 
EUROCORR 2014 - September 8 -12, 2014, Pisa/Italy 
[4] Tani, G. and F. Zucchi . Electrochemical measurement of the resistance to corrosion of some commonly 
used metals for dental prosthesis. Minerva Stomatol 1967. 16:710–713 
[5]  F.Cocco et alii, A non-destructive in-situ approach to monitor corrosion inside ancient brass instruments, 
this conference 
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Investigation on consolidation materials for paint on iron
G. Pöllnitz(1), R.Wiesinger(1), M.Schreiner(1)
(1) Institute of Science and Technology in Art, Academy of Fine Arts, 1010 Vienna, Austria 
Several signposts from the collection of the Auschwitz Museum build the fundament of the 
ongoing research project (P11-0986 “The signposts of the collection of the Auschwitz 
Museum: Analysis of conservation strategies for coatings on corroded iron substrates”, 
funded by The Future Fund of the Republic of Austria). The iron signposts show severe 
damages due to corrosion, as they were formerly mounted on e.g. coaches or otherwise 
exposed to outdoor weather conditions. This damage led to illegibleness or even total loss of 
information. As testimonies like those have a unique character for understanding 20th century 
history the current project deals with investigation of materials and techniques to preserve the 
information given by the original paint material. Several research strategies in the 
conservation of cultural heritage made of iron were encountered for evaluation of protection-
coatings based on methods from industrial application as well as corrosion science [1, 2]. 
Unfortunately no systematical studies have been carried out so far concerning the 
consolidation materials and further more interactions between the corroded substrate and the 
consolidant in use for preserving the paint.
Within our project a set of complementary analytical methods (photographic and 
microphotographic documentation, FTIR-ATR) could prove corrosion phenomena mentioned 
in conjunction with those materials, e.g. filiform corrosion underneath coatings made from 
Paraloid B72 [3]. As infrared reflection absorption spectroscopy (IRRAS) is a powerful tool 
to analyse different corrosion processes on metallic surfaces also in the field of conservation 
science [4], it was used to validate the results. Iron coupons were exposed to varying relative 
humidity (24 h at 50% and 24 h at 90% rH) for two weeks. Preliminary results gained in time-
resolved measurements during weathering experiments were attained using a self-built in situ 
IRRAS weathering cell [5]. Figure 1 shows that important diagnostic IR-bands resulting from 
the development of typical iron corrosion product goethite at 892 cm-1 (Ā-OH) and 792 cm-1
(Ȁ-OH) could be assigned. Furthermore, the increase of the band at 792 cm-1 due to 
weathering could be approved (Fig. 2). Gained results will be implemented in further research 
steps on mock-ups with painted surfaces. 
Fig. 1: IR-bands of goethite before and after 
weathering, arrow-marked: area of integration 
Fig. 2: Increase of signed area by integration 
from measurement-data every ten hours
[1] Y. Shashoua, H. Matthiesen, EUROCORR 2011.  
[2] S. Hollner, PhD-Thesis, Université Henri-Poincaré Nancy, 2009. 
[3] J. Wolfram, S. Brüggerhoff, G. Eggert, Metal 2010, 167–177. 
[4] R. Wiesinger, I. Martina, C. Kleber, M. Schreiner, Corros. Sci. 77, 2013, 69–76. 
[5] R. Wiesinger, C. Kleber, J. Frank, M. Schreiner, Appl. Spectrosc. 63(4), 2009, 465–470. 
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Valeria Di Tullio (1,2), Noemi Proietti (1) , Donatella Capitani (1), Federica 
Presciutti (3),  Gennaro Gentile (4), Brunetto Giovanni Brunetti (3)
(1) Laboratorio di Risonanza Magnetica Anna Laura Segre, Istituto di Metodologie Chimiche, CNR, 
Area della Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
(2) Diartech s.s, Via di Sant’Angela Merici 70, 00162 Rome, Italy 
(3) Dipartimento di Chimica, Università di Perugia, via Elce di Sotto 8, 06123 Perugia, Italy 
(4) Istituto per i Polimeri, Compositi e Biomateriali del Consiglio Nazionale delle Ricerche (IPCB-
CNR), Via Campi Flegrei, 34, 80078, Pozzuoli, Napoli, Italy 
A multi-analytical study was carried out to investigate the state of conservation and the 
constitutive materials of an ancient Nubian detached mural painting. Because of the 
detachment, a complex multi-layered artefact was obtained, where, besides  layers of the 
original mural painting, also the materials used during the procedure became all constitutive 
parts  of the artefact.  
Portable NMR  was used to study in situ,  in a  non-destructive and non-invasive way [1], the 
stratigraphy of hydrogen reach layers of the detached mural painting [2].  
Results obtained  by portable NMR allowed the monitoring of the state of conservation of the 
artefact and the planning of a minimal representative sampling to perform a set of analytical 
techniques such as multinuclear solid state NMR, optical microscopy (OM), scanning electron 
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS) [3], micro-Infrared and 
micro-Raman spectroscopy [4]. These techniques  allowed the chemical characterization of 
the materials constituting the detached painting. The use of reference compounds assisted data 
interpretation. The distribution of materials along the original primer and the backing layers 
was obtained by IR and EDS mapping of cross-sections [5].  
[1] D. Capitani, V. Di Tullio, N. Proietti, Prog. Nucl. Magn. Reson. Spectrosc. 64, 2012, 29-69.   
[2] V. Di Tullio, D. Capitani, F. Presciutti, G. Gentile, B. G. Brunetti, N. Proietti, Analytical Bioanalytical 
Chemistry 405, 2013, 8669-8675. 
[3] R. Haswell, L. Carlyle, K.T.J. Mensch, Microchim Acta  155, 2006, 163–167 
[4] A.M. Correia, R.J.H. Clark, M.I.M Ribeiro, M.L.T.S. Duarte,  J Raman Spectrosc 38, 2007, 1390–1405 
[5] J. Boon, E.S.B.  Ferreira, K. Keune,  Microsc Microanal 11, 2005, 1370-1371 
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Valeria Di Tullio(1), Germana Barone (2), Donatella Capitani(1), Noemi Proietti(1)
Paolo Mazzoleni(2), Simona Raneri(2), Alessandro Giuffrida(2)
(1) Laboratorio di Risonanza Magnetica Anna Laura Segre, Istituto di Metodologie Chimiche, CNR, Area 
della Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
(2)University of Catania, Dept. of Biological, Geological and Environmental Sciences, C.so Italia, 57, 95129 
Catania, Italy 
As is well known, porosity strong affects physical and mechanical behavior of stones. In 
addition, being able to vehicle moisture, porosity has a great influence on durability. 
Therefore, the complete knowledge of the pore architecture and the behavior of stones 
interested by weathering processes represents a key element in understanding mechanism of 
degradation and prevent damage [1-2]. Pore network of stone is traditionally investigated by 
porosimetric techniques based on gas adsorption and mercury intrusion. Nevertheless, these 
methods appear inadequate for the complete modeling of the microstructure of the rock, since 
they are destructive, measure only the open porosity and explore a limited dimensional range. 
Moreover, most of these techniques, are based on assumptions about pores shape and 
dimension, representing an ideal geometric model of them [2]. As aforementioned, the 
quantitative description of stones pore network cannot be generally achieved by a single 
technique, considering the real complex geometry and the variability in the dimensional 
distribution of voids [3]. In recent years, the use of nuclear magnetic resonance (NMR) as 
useful tool for studying pore structure in stones has largely increased, also in association with 
other methodologies [5-7]. In detail, the technique allows to get information about the pore 
size distribution in a water-saturated rock by measuring the transverse and longitudinal 
relaxation times  of water hydrogen nuclei in a non destructive and non invasive way. 
Furthermore the investigation of water diffusion through the porous structure provides 
information on the restricted geometry of the network and the obtainment of the average pores 
radius and pores interconnection. The main goal of this study is to compare portable NMR 
and mercury intrusion porosimetry in characterizing pore size distributions of building stones 
and quantify pore network modification due to salt weathering. In detail, this methodological 
approach has been applied on a coarse grained calcarenite from Sabucina (Caltanissetta, 
Sicily, Italy) widely used as building and replace stone. The obtained data allow to highlight 
potential and limitation of the applied analytical methodologies in studying building stone 
materials. 
[1] D. Benavente, M.A. García del Cura, R. Fort, S. Ordóñez, Engineering Geology 74, 2004, 113–127. 
[2] S. Yu, C. T. Oguchi, Engineering Geology 115, 2010, 226–236. 
[3] C. A. León y León, Advances in Colloid and Interface Science 76-77, 1998, 341-372. 
[4] G. Barbera, G. Barone, V. Crupi, F. Longo, G. Maisano, D. Majolino, P. Mazzoleni, S. Raneri, J. Teixeira, V. 
[5]Venuti, European Journal of Mineralogy 26(1), 2014, 189 – 198. 
[6]V. Di Tullio, M. Cocca, R. Avolio, G. Gentile, N. Proietti, P. Ragni, M. E. Errico, D. Capitani, M. Avella 
Magnetic Resonance in Chemistry, 53, 2015, 64-77. 
[7] G. P. Matthews, C. F. Canonville, A. K. Moss, Physical Review E 73, 2006, 031307. 
G.S. Padhy, C. Lemaire, E.S. Amirtharaj, M.A. Ioannidis, Colloids and Surfaces A: Physicochem. Eng. Aspects 
300, 2007, 222–234. 
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V.Barrile(1) G.Meduri(1) A.Nunnari(1)
(1) Department DICEAM – Mediterranean University of Reggio Calabria 
Via Graziella Feo di Vito 89100 Reggio Calabria 
ITALY 
vincenzo.barrile@unirc.it, giumed@libero.it ninonunnari@hotmail.it
The new methodologies of acquisition of metric and thematic information on the territory, on 
the environment, on constructions and manufactured articles open further and new 
perspectives on the diffusion and knowledge of the artistic, archaeological, and cultural 
property. Many application fields concern the use of  Geomatic in its sectors more up-to-date 
as: laser scanners, satellite positioning (GPS),  digital photogrammetry , remote sensing from 
airplanes and satellites, Ground Penetrating Radar, numerical cartography and Geographical 
Informative Systems. 
An effective method for to reach the objective above described, is the realization of  WebGis. 
A preliminary phase of work is constituted to individualization of the interest areas and the 
historical/cultural paths and following his tracing with instrumentation GPS (DGPS mode) 
filtration of the acquired data and the restitution on cartography georeferenced to use as layer 
of support for the GIS. GPR surveys have been carried out on the floors of  ancient 
constructions. The aim of these investigations was to validate some hypothesis about the 
existence of buried structures and crypts. As part of the individualization and  knowledge of 
the archaeological sites and the characterization of the historical manufactured articles  laser 
scanners reliefs of the archaeological sites are realized. 
A tool laser scanner is an any device that, operating on the physical surface of an object,  is 
able to acquire the three-dimensional coordinates of points in automatic way with elevated 
density and in real time.   
Just the architectural circle represents a particularly meaningful field of application since the 
morphological and dimensional characteristics of complex structures geometrically to , what 
statues, decorations , moldings or façades of historical buildings, represent often some 
insurmountable obstacles for the employment of the traditional techniques. Among the 
peculiarities that this system make particularly effective and efficient, it’s to underline, 
besides the meeting place time of acquisition, the enormous quantity of data and acquired 
information for every single scanning, the his uniformity of acquisition, but chiefly the not 
invasion of the technique. 
All the data so acquired are assembled inside a webGis. The webGis is freely a base online 
where the users of the World Wide Web and smartphone are able to have  information around 
the geography, the historical places, cultural and the present structures on the place, through a 
clear location on map through the use of points of interest and multimedia attachments 
(photos of the place, texts, videos. etc). Therefore the user through the query about area and 
the contents receives the demand information.  
[1] Barrile, Meduri, Nunnari, TECHNART 2015 Conference on “Non-destructive and microanalytical 
techniques in Art and Cultural Heritage” , 2015 
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Ira Rabin1,2, Zina Cohen1, Emanuel Kindzorra1,2, Leif Glaser3 Tomasz 
Łojewski4, Oliver Hahn1,2
(1) BAM Federal Institute for Materials Research and Testing, 44-46 Unter deb Eichen, Berlin, Germany 
(2) CSMC, University of Hamburg, Warburgstraße 26, Hamburg, Germany
(3) Deutsches Elektronen-Synchrotron, Notkestraße 85, Hamburg, Germany 
(4) Jagiellonian University, Ingardena 3, Krakow, Poland. 
Recycling of parchment in medieval times resulted in production of manuscripts containing 
multiple text layers. Usual practices to remove the primary texts included scraping or 
application of acids or bases. [1] On the other hand, qualitative and quantitative investigation 
of historical iron-gall inks by µ-XRF spectrometry is widely adopted in analyzing differences 
in their composition. When a fingerprint is established, it is possible to characterize 
distinguishable inks used in production of medieval manuscripts and hence, to assist in the 
reconstruction of the manuscript‘s history. [2] Determination of the initial composition of the 
primary inks in the palimpsests presents a serious problem since the effect of the partial 
removal on the inks fingerprint is not known. 
In this work we investigated the effect of different removal techniques on the fingerprint of 
the historical and make-up iron gall inks on parchment. The in-house iron gall inks prepared 
according to a generic recipe were subjected to accelerated ageing to mimic the historical 
ones. In addition to µ-XRF fluorescence we used optical microscopy, Raman and FTIR 
spectroscopy as well as hyper-spectral imaging to obtain full characteristics of the inks before 
and after treatment. 
Fig. 1: Relative contributions of 
Mn, Cu and Zn in the original 
ink (left), upon removal with 
lemon juice (center) and upon 
abrasion (right). 
[1] Encyklopädisches Handbuch der 
technischen Chemie, ed. by Friedrich 
Stohmann - Bruno Kerl, Braunschweig 
: F. Vieweg & Sohn, 1888-1922, 1393. 
[2] A. Author, B. Author, . Author, 
Journal of Journals 1(2), year, page. 
[2] O. Hahn, T. Wolff, H.-O. Feistel, I. 
Rabin, and M. Beit-Arié, Gazette du 
Livre Médiéval 51, 2008, 16 
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Ilaria Serafini(1), Marcella Guiso(1), Ulderico Santamaria(2) and Armandodoriano 
Bianco(1)
(1) Università di Roma “Sapienza”, Piazzale Aldo Moro , 00185, Roma (Italy) 
 (2) Musei Vaticani - Laboratorio di Ricerche Scientifiche, Città del Vaticano (Italy) 
For what concern the ancient dyes used in tapestries, many scientists are used to think about 
few molecules in charge of the colour. For example, for dyed yarn in red, we are used to think 
about Rubia tinctorum L. or cochineal and to the main corresponding chromophores. This 
approach can be very useful to understand where the colour comes from and which plants or 
insects had been used, thanks to these few “marker” molecules. Nonetheless, this approach is 
not sufficient if we need to preserve the artwork. Considering complex matrices such as 
madder, which our work was focused on, we cannot consider only alizarin or purpurin as the 
main molecules in charge of the colour. In fact, we could easily find other kinds of 
compounds, also not coloured at the beginning, which could influence the hue during the 
dyeing processes. [1] [2] 
In our study, we would analyze the extract of 
madder root in order to isolate the highest 
number of compounds, some of them already 
known, following the conditions of the dyeing 
bath.  In this way, we suppose to obtain the most 
similar conditions of dyeing of those used in 
Renaissance period. Many of them are present in 
the roots even in glycosylated form, which could 
then also fix it during the dyeing.  
Once clarified the methodology, the next step involves the re-extraction of these compounds 
through soft methods from dyed yarns, in order to clarify which compounds are fixed on the 
yarn [3]. The use of soft methods 
could be necessary to preserve the 
eventually glycosylated forms. All 
these data could let us understand the 
degradation mechanisms.
Fig.2 ESI-MS/MS spectrum of 
asperulosidic acid 
[1] A. Bianco, M. Guiso, C. Iavarone, R. Marini Bettolo, C. Trogolo, Gazzetta Chimica Italiana (106) , 1976, 
733-741.
[2] Derksen G.C.H., Niederländer H.A.G., Van Beek T.A., J. Chromatogr. (978), 2002, 119–127. 
[3] Valianou L., Karapanagiotis I., Chryssoulakis Y., Anal. Bioanal. Chem.(395), 2009, 2175–2189. 
Fig. 1, dyed yarns following the ancient recipes
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Roberto Cesareo(1), Giovanni Buccolieri(2), Alfredo Castellano(2),
Alessandro Buccolieri(3) and Antonietta Dell’Aglio(4)
(1) Istituto di Matematica e fisica, Università di Sassari, Sassari; 
(2) Dipartimento Matematica e Fisica, Università del Salento, Lecce, Italy; 
(3) Dipartimento DiSTeBA, Università del Salento, Lecce, Italy; 
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Goldsmiths workshops were active in Taranto between the 4th and the 2nd century BC. They 
designed high quality jewels, especially for women. The craftsmen skillfully reproduced 
Greek metalwork patterns through their own original reinterpretation. In particular naturalistic 
decoration and colour effects (realized with the use of enamels) were applied to a typically 
local range of shapes. An impressive qualitative progress is evidenced in the Tarentine 
craftsmanship in gold during the second half of the 4th century BC, when a big amount of 
silver and gold came into the Mediterranean markets after Alexander the Great’s exploits in 
the East. 
About 50 gold objects were analyzed by a portable equipment which employed energy-
dispersive X-ray fluorescence. The equipment was based on a small size X-ray tube working 
at 40 kV and 200 μA maximum voltage and current, and on a Si-drift detector having 500 μm 
thickness. More than 40 of the gold objects showed a quite similar composition, i.e. : 
Au = (95.8 ± 2.0) 
Ag = (3.0 ± 2.0) 
Cu = (1.2 ± 0.8) 
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1010 Vienna, Austria 
Raman spectroscopy is a non-invasive and non-destructive technique that finds wide use in 
the field of cultural heritage. Within that application the identification of pigments and inks 
present in paintings and manuscripts is so far most important. In the case of ancient 
manuscripts it is also possible to study the degradation and aging phenomena occurring on 
parchment stored in libraries or private collections for several hundred years or even a 
millennium.  
The deterioration of parchment is a complex process that depends on the environmental 
conditions such as temperature, relative humidity, acidifying gases and also light. The general 
path of deterioration develops from the collagen fiber, initially characterized by high thermal 
and mechanical stability. When in contact with water or by exposure to high humidity 
conditions, collagen can turn into a gelatinous substance. Several stages are involved in this 
process, starting from the progressive loss of its fibril structure, followed by the consequent 
decrease of the stability, and finally a terminal phase characterized by the loss of the total 
fibrous structure [1, 2]. 
Collagen degradation processes studied with Raman spectroscopy are gelatinization and 
hydrolysis: gelatinization (Δν) corresponds to an increase in the separation of the Amide I and 
Amide II bands; the value is considered to be around 100 cm-1 for new manufactured 
parchments. Hydrolysis (AI/AII) corresponds instead to peptide links breakdown to form 
amino acids. The intensity ratio Amide I/Amide II is about 1.0 for new parchment [3, 4]. The 
ratio and difference on the Amide I and Amide II bands, if plotted in graphs, can give a very 
clear overview of the degradation pathway.
In the presentation results will be shown concerning the degradation studies we could carry 
out on manuscripts of the Austrian National Library, Department of Manuscripts and Rare 
Books, and the Austrian State Archives (Österreichisches Haus-, Hof- und Staatsarchiv - 
keeper of the archival heritage of the Habsburg empire (1526–1918) and its central 
authorities).
[1] R. Fuchs, C. Meinert, J. Schrempf, Pergament: Geschichte-Material-Konservierung- Restaurierung, Kölner 
Beiträge zur Restaurierung und Konservierung von Kunst und Kulturgut, Vol. 12 (2001), Siegl, München. 
[2]T. Garp, K. Nielsen, S. Boghosian, Microanalysis of Parchment, Rene  ´Larsen, (2002), Archetype publication, 
p. 109-116.
[3] M. Derrick, Annual of the Book and Paper Group, The American Institute for Conservation, Vol. 10 (1991), 
p. 1-14.
[4] E. Badea,  L. Miu, P. Budrugeac, M. Giurginca, A. Mašić, N. Badea, G. Della Gatta, Journal of Thermal 
Analysis and Calorimetry, Vol. 91 (2008) 1, p. 17-27.  
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Many buildings belonging to the Cultural Heritage are constituted by different kind of natural 
stones (mainly limestones and sandstones). These building materials can experiment different 
atmospheric impacts such as water infiltrations, loss of material or impact of pollutants 
coming from different sources. The formation of black crusts and soiling of the stone itself are 
ones of the most important problems that suffer this kind of building materials. Among stones 
placed on constructions it is more common to find pathologies related with black crusts 
formation on limestones than on sandstones. The blackening appearance that black crusts lend 
to the stone is not one of the main problems related with these crusts formation. Other 
consequence related with these new formations is the physicochemical decay of the stone. 
Moreover, in the matrix of the black crust, heavy metals and volatile organic compounds (e.g. 
PAH, VOC, etc,) can be deposited and trapped, giving to the material the characteristic of 
pollutants accumulator. In the present work, black crusts formed on sandstones from different 
orientations of La Galea Fortress (Getxo, north of Spain) were characterized. All the samples 
were analyzed by means of X-Ray Diffraction, Raman spectroscopy and SEM/EDS. Apart 
from the characterization of the black crusts, the sandstone under the black crust was 
characterized on each sample. 
The use of point-by-point micro-Raman spectroscopy on the sandstone substrate revealed that 
the main components were iron (III) oxides such as hematite (Fe2O3), oxyhydroxides such as 
limonite (FeO(OH).nH2O), lepidocrocite (γ-FeO(OH)), aluminosilicates such as adularia 
(KAlSi3O8) and charcoal (C).  
Micro-Raman analyses performed on the black crusts revealed the presence of calcite 
(CaCO3), gypsum (CaSO4∙2H2O) and γ-anhydrite (γ-CaSO4). XRD analyses performed on the 
same black crust confirmed the Raman observations.  
With the help of SEM/EDS (point-by-point and imaging), it was possible to identify 
particulate matter related with marine aerosol, such as chlorine and fluorine and also heavy 
metals such as Ti, Zr, Ni, Zn, Co, Cr and Mn. The presence of sulphur and calcium, related 
with the calcium sulphate matrix of the black crust was also confirmed using this technique 
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Nondestructive diagnostics of cultural heritage artifacts and attributes of daily public life is 
the fundamental factor of cultural adultness of the human society. This work presents results 
of similar investigations executed by ion beams methods of material study (RBS and PIXE) 
and by X-ray methods of fluorescence analysis in conditions of the conventional measurement 
geometry (XRF) and using of the sliding geometry at total external reflection of an exciting 
flux (TXRF). The specific peculiarities of those methods application in our conditions are 
connected with using of the planar X-ray waveguide-resonators (PXWR) allowing to increase 
of the methods analytical efficiency [1]. 
In frame of the work we studied elements composition of 5-copeek coins produced by the 
Russian Imperial Mint in second half of 18 century and silver ruble fabricated in 1818 year. 
The study showed that the host component of 5-copeek coins is copper and chief its pollution 
is vanadium with content near 5 atomic per cents. The ruble contains atomic composition 
corresponding approximately to the formula Ag0.85Cu0.11Zn0.01Fe0.01V0.01As0.01. Surfaces of 
coins were contaminated by oxides (CuO and Ag2O, correspondingly). 
Moreover, as an illustration of future textile fabrics we executed investigation of ones 
underwent to surface metallizing by copper, aluminum and stainless steel. Similar metallized 
fabrics can be used as beautiful substrates for preparation of supply nanostructures with 
different consumer specialization. We investigated depth elements distribution for metallized 
fabrics samples. Thickness of surface metallic layers was near 100 nm. At the same time the 
conductivity of the metallic coatings was exhibited for sample with Cu metallization and for 
case of double-side fabric coating, only. 
[1] V.K. Egorov, E.V. Egorov, Advances in X-ray chem. Anal. Japan. V44, 2013, pp. 21-40.
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(1) European Laboratory for Non-Linear Spectroscopy (LENS), Univ. di Firenze, Italy 
 (2) INO CNR, Italy, (3) ICVBC-CNR, Italy 
Studying dry and wet drawing media is of great importance since they go hand in hand with 
the genesis of different forms of art. In this respect, in the frame of a broader project, THz 
time-domain spectroscopy (TDS) in transmission mode was performed on cochineal-, carbon, 
indigo-based and iron-gall inks, some prepared following ancient recipes and others by using 
synthetic materials, moreover several commercially available inks were studied as well. 
Liquid inks were layered on polyethylene (PE) pellicles while the dried inks were blended 
with PE powder to form pellets. Iron gall inks were prepared by mixing a solution of iron 
sulfate either with powdered oak galls, as a natural source of gallotannic acid, or – with 
preliminarily synthesized gallic acid. The samples containing oak galls display featureless 
spectra, while gallic acid is clearly distinguished in the iron gall ink containing synthesized 
gallic acid. Featureless spectra might indicate for the absence of gallic acid or for its low 
concentration. On the other hand, the lack of contribution of iron sulfate to the spectra of 
those samples might evidence presence of Iron(III)- rather than Iron(II) sulfate. Instead, it was 
possible to detect Iron(II) sulfate in the spectrum of a commercially available iron gall ink of 
an unknown composition. Complementary studies in the near to mid IR region (7000 – 400 
cm-1) allowed for the comparison of the two methods in terms of sensibility to detecting 
ingredients of historically important inks. Our preliminary studies on bare and inked paper 
showed that local inhomogeneities impede obtaining meaningful results for measurements in 
the 0.1 – 3 THz range reported here. The reported results would serve as a platform for 
extending the studies to the more practically opportune reflection configuration of THz time-
domain spectroscopy. 
THz broad band pulses are obtained by exciting a photoconductive antenna with 100 fs 
optical pump pulses generated by a fiber mode-locked Erbium laser at 770 nm. THz radiation 
is collected from the source and focused on the sample by a couple of parabolic mirrors. The 
transmitted field is collected and focused on the detection photoconductive antenna by an 
other couple of parabolic mirrors while a twin fs optical pulse acts as gating. The measure of 
the induced current in the detection antenna, as a function of the delay time between pump 
and probe, supplies the temporal evolution of the THz field of the transmitted pulse. A lock-in 
detection together with a chopping of the bias of the source antenna yields to a huge 
enhancement on the signal to noise ratio. The experiment measures simultaneously the phase 
and the amplitude of THz pulse field and, by a Fourier analysis of the differences between 
incident and transmitted fields, enables the extraction of the absorption coefficient and 
refractive index at the same time. 
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Handheld X-Ray Fluorescence analyzers (XRF) have become increasingly more common as 
analytical tools for conservators and conservation scientists. The affordable instruments and 
relatively easy “point-and-shoot” data collection, no sample-taking and the possibility of
obtaining immediate results have made it an attractive and valuable tool in the field of cultural 
heritage. These qualities have also enabled many conservators to sidestep the use of time and 
resource consuming laboratory analysis. An interdisciplinary workshop on the use of
handheld XRF on multilayered structures, held at the Norwegian Institute for Cultural 
Heritage Research (NIKU) in Oslo in November 2014, gathered conservators and 
conservation scientist to discuss different approaches to analytical strategies, interpretation 
and reporting of results. The results of the discussions during the workshop form an important
basis for this study.  
This presentation focuses on some of the pitfalls often encountered when recording and 
interpreting the resulting data from analysis of complex and inhomogeneous paint structures. 
We argue for a greater awareness of how one presents and reports results from handheld 
XRF-analysis and illustrate this with our ongoing research on the use of handheld XRF in 
investigations of historical interiors.
Analysis of heterogeneous material with handheld XRF is considered to be a qualitative 
method [1]. However, through our study of the applicability of handheld XRF in architectural 
paint research, we observed that the operator often incorporates semi-quantitative information
in the interpretation of the spectra often without taking into account the effects in 
inhomogeneous materials.  
We tested materials consisting of structures typically found in historical interiors, like painted 
surfaces, wallpapers and decors on wooden panels, canvas and walls. As the decoration of 
interiors usually changed several times over the centuries, the structures consist of many
subsequent layers of paint. When investigating historic interiors conservators uncover paint 
layers one by one to study the stratigraphy and colors of the individual layers [2]. These 
stratigraphic windows constitute unique samples for studying the challenges using handheld 
XRF for pigment analysis in multi-layer structures.
In our opinion, these topics of discussion have transfer value to handheld XRF analysis of 
other types of cultural heritage objects consisting of inhomogeneous materials and layered 
structures.  
[1] C. McGlinchey, C., Handheld XRF for the examination of paintings: proper use and limitations, in A. N. M. 
Shugar, Jennifer L. (Ed.), Handheld XRF for Art and Archaeology, Studies in Archaeological Sciences vol. 3, 
2012, p. 132
[2] K. Solberg, Data on strata: NIKU´s practice for the documentation of architectural paint research, in L. 
Bregnhøi, H. Hughes, J. Lindbom, T. Olstad, E. Verweij (Ed.), Paint Research in Building Conservation, 2006, 
p. 11
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A. Smaldone(1), A. De Bonis(1), M. Osanna(2), A. Santagata(3), B. Serio(2) and R. 
Teghil(1)
(1) Dipartimento di Scienze, Università di Basilicata, Via dell’Ateneo Lucano 10, 85100 Potenza – Italy 
(2) Scuola di Specializzazione in Beni Archeologici di Matera, Università di Basilicata - Polo Umanistico San 
Rocco, via San Rocco 1, 75100 Matera – Italy 
 (3) CNR-ISM UOS Tito Scalo – Zona Industriale, 85050 Tito Scalo (PZ) – Italy 
In this work the analysis of seven bronze artefacts collected from the “Torre di Satriano” 
archaeological site (VI century B.C.), located in Southern Italy (Basilicata Region)  is 
presented. 
With regard to their elemental composition and corrosion patinas the Laser Induced 
Breakdown Spectroscopy (LIBS) and micro-Raman spectroscopies have been used, 
respectively. For LIBS analysis the inverse Calibration-Free method (inverse CF-LIBS) was 
applied allowing a fast and quantitative elemental analysis of complex materials without 
either any sample treatment or appreciable damage of the sample surface. For LIBS a 
femtosecond-pulse Nd:Glass laser (Twinkle Light Conversion, O = 527 nm, t = 250 fs) was
used. On the contrary of the process occurring by using ns laser pulses, the approach here 
followed provides qualitative and quantitative data avoiding the occurrence of widespread 
processes of melting together with a limited damage of target surface.
Moreover, an inverse CF-LIBS method, which is based on the assumption that the Local 
Thermodynamic Equilibrium (LTE) condition is fulfilled and that the experimental 
determination of the plasma temperature evaluation obtained by Boltzmann plot is 
representative for all copper based materials used, has been considered.  
In order to validate the here employed approach, a set of bronze and brasses certified 
standards was used. With the aim of examining the corrosion patinas, the micro-Raman 
spectroscopy (HORIBA LABRAM HR800) technique was employed. From these studies it 
has been revealed the presence of several copper corrosion products forming different 
stratigraphic layers  on the artefacts' surface. In this manner it has been shown that the use of 
integrated laser technologies can allow the acquisition of complementary data on production 
technology and corrosion processes. Therefore, improvements on the understanding about 
chronological dating and corrosion phenomena occurring onto the surface of archaeological 
artefacts can be achieved 
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The construction of an underground parking garage in the centre of the city of Zurich (Zurich 
Opéra Parking, Switzerland) unearthed remains of prehistoric lakeshore settlements. Between 
2010 and 2011 a large rescue excavation was realised to document the findings prior to their 
destruction. In an area of 4154 m2, were found traces of seven Neolithic settlements from the
4th and 3rd millennium BC (dendrochronology dating). The cultural layers were in
waterlogged lake sediments. The greatest number of prehistoric founds like ceramic material, 
flint-stone, tools and other items made of bone and antler, wood, textiles, as well as botanical 
and zoological remains, were retrieved from the 3175 BC layer, which belongs to the Horgen 
culture.  
Among the findings several thousand flint-stone fragments have been excavated at the site. 
According to archaeologist interpretation, some of them were used to produce fire. The main 
parameters used to determine whether a fragment is used or not as fire stricker is the presence 
of a finely chipped and rounded edge [1-4]. The pieces of the site Zurich Opéra Parking 
presented also dark metallic traces (iron-sulphides?). Thus the designation of some of them 
was doubtful as their traces had a very unusual pattern. A more analytical approach was 
needed for unambiguous attribution. Furthermore, during the excavation some fragments of 
iron sulphide ores were found in the same layer as the flint. It was thus important to establish 
their exact mineralogy (pyrite, marcasite, and chalcopyrite) to determine whether they had 
been used in association with the flint-stone fragment to kindle fire.  
Seven flints and one Fe-sulphide fragment were, thus, analysed by RAMAN spectroscopy and 
two-dimensional micro-XRD imaging using microfocused Synchrotron radiation. Analysis 
showed that all flint-stones, even the most doubtful, presented abundant traces of Fe-sulphide 
which was almost exclusively pyrite; and only occasionally marcasite. The Fe-sulphide ore 
was also undoubtedly recognised as pyrite, indicating its possible use, conjointly with the 
flints to produce fire.  
[1] J. Weiner. Feuerschlagsteine und Feuererzeugung. In: H. Floss (Hrsg.), Steinartefakte vom Altpaläolithikum 
bis in die Neuzeit (2012), 943 – 960. 
[2] D. Stapert, L. Johansen. Antiquity 73(282), 1999, 765-777. 
[3] F. Seeberger. Archäologisches Korrespondenzblatt 7, 1977, 195–201.
[4] A. Sorensen, W. Roebroeks, A. van Gijn. Jounal of Archaelogical Science, 42, 2014, 476-486.
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Josef Hormes (1,2)
(1) Institute of Physics, Bonn University, Nussallee 12, D-53115 Bonn, Germany 
 (2) Center for Advanced Microstructures and Devices, Louisiana State University, Baton Rouge, USA 
Because of its special properties: high intensity, collimation, and a continuous spectrum from 
the Infra-red to the hard X-ray region synchrotron radiation is used for improving “standard” 
spectroscopic techniques regarding, for example, spatial/time resolution and minimum 
detection limits, but also for the development of new techniques such as X-ray absorption 
spectroscopy (XAS) and element specific tomography.  
Over the last years, these advantages have also been used for the investigation of objects of 
art and/or cultural heritage [1,2]. Particularly X-ray based techniques are used as they allow 
spatially resolved and (at least in principle) nondestructive analyses of objects. Besides X-ray 
fluorescence (XRF) providing (again in principle) quantitative information about the 
elemental composition with very low detection limits, in particular X-ray absorption 
spectroscopy (and here mainly XANES = X-ray absorption near edge structure) is used. 
XANES provides not only information about the valency of the element of interest but also 
quite detailed information about the chemical environment. In most cases, XANES spectra are 
“analyzed” by comparing the spectra of the “unknown compound” with those of well 
characterized reference compounds (fingerprint technique). As XANES spectra of an element 
in various chemical environments are additive, this technique is quite often used also for a 
“quantitative” analysis of spectra [e.g. 3].   
All these opportunities for collecting detailed information about art/cultural heritage objects 
are very attractive, however, there are several pitfalls intrinsically connected with these 
techniques that lead to “non-correct” results when not adequately considered. For XRF, for 
example, the often very heterogeneous character of objects prevents the modeling of a 
suitable “matrix” as required for a quantitative analysis. For XANES, for example, ignoring 
the electronegativities of neighboring atoms in various compounds can lead to misleading 
determination of  valencies and the lack of suitable reference compounds that take into 
account the high “geometric” sensitivity of XANES (sometimes up to the 3rd coordination
shell) can lead (to at least) misleading assignments.  
In this contribution the challenges for a reliable use of XRF and XANES for the 
characterization of objects from art and archaeology are discussed and illustrated with several 
examples from the literature.  
[1] L. Bertrand, L. Robinet, M. Thoury, K, Janssens, S.X. Cohen, S, Schöder, Applied Physics A, 
[2] S. Quartieri, Synchrotron Radiation in Art, Archaeology and Cultural Heritage, in: “Synchrotron Radiation – 
Basics, Methods and Applications”, eds.: S. Mobilio, F. Boscherini, C. Meneghini, 2015, 677, Springer 
[3] G. Almkvist, I. Persson, New J. Chem. 35, 2011, 1491 - 1502
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mortars and plasters from Late Mughal period site of 
Begumpura, Lahore 
Saima Gulzar (1), Jean-Pierre Burg (1)
(1) Swiss Federal Institute of Technology, Switzerland 
Mortars and plasters composed of a mixture of lime binder and brick aggregates have been 
widely used as water-proof materials throughout historic times. We investigated the 
characteristics of mortars and plasters from late Mughal period (1655-1745 A.D.) in order to 
understand their resistance to weathering in the hot and humid environmental conditions of 
Lahore, Pakistan. For this purpose, raw materials compositions, mineralogical, 
microstructural and hydraulic properties of mortars and plasters from the Begumpura 
Complex in Lahore (Pakistan) were determined by XRD, SEM-EDX and chemical analyses. 
Results show that different qualities of dense and impermeable mortars and plasters were 
employed at specific locations such as drainage routes, dado panels, fountains, royal baths, 
etc. which were directly exposed to moisture. This was the incentive to further analyze them 
with various methods and understand their resistance to weathering at such locations. In-situ 
macroscopic observations of these mortars and plasters specified their good condition without 
loss of strength and adhesion to the walls. We found that their density was obtained with 
pozzolanic bricks and carbonate fragments locally known as Kankar as part of aggregates. 
Durability is explained by the formation of calcium silicate hydrate and calcium aluminate 
hydrate adhesion bonds after the porous pozzolanic brick reacted with lime binder. 
Additionally, the formation of recrystallized calcite dense structure at surface as well as the 
interface of binder and aggregates strengthened the overall matrix. The addition of organic 
fibers (jute) absorbed mechanical stresses during the carbonation process and provides 
stability to the mortars and plasters. 
[1] E. Uğurlu, H. Böke, Construction and Building Materials 23, 2009, 2442-2450 
[2] G. Mertens, J. Elsen, R. Brulet, A. Brutsaert, M. Deckers, Materials Characterization 60, 2009, 580-585 
[3] S. Kurugöl, A. Güleç, International Journal of Architectural Heritage 6, 2012, 322-341 
[4] C. Durgesh Rai, S. Dhanapal, Current Science, 104 (2), 2013, 238-244 
[5] S. Gulzar, M.N. Chaudhry, J.P. Burg, S.A. Saeed, Asian Journal of Chemistry 25, 2013, 8484-8488 
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(1) Laboratorio di Risonanza Magnetica AnnaLaura Segre, Isitituto di Metodologie Chimiche, CNR, Area 
della Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
(2) University of Catania, Dept. of Biological, Geological and Environmental Sciences, 
C.so Italia, 57, 95129 Catania, Italy 
(3) Gemologist, Catania, Italy 
Amber is a fossilized form of terpenoid resin found in many parts of the world that has undergone 
geological maturation over millions of years. It is translucent, of a color that can range from yellow, 
to red, to brown up to  green. Even in its raw form this material has an attractive appearance and it 
was used by people of many different cultures for decorative objects over several millennia. The 
knowledge of the chemical structure of amber may allows one to associate a given object with its 
geographical origin and to draw maps of cultural and trade networks, besides, information on 
authenticity of artifacts may be obtained. Chemical characteristics of amber depend on both 
biological origin and geological environment. The non crystalline nature of amber and its poor 
solubility prevent the use of many analytical techniques. 13C Solid state NMR spectroscopy has 
allowed us to obtain information on the chemical structure of amber in a non destructive way and 
without any manipulation of the sample [1-3]. Sicily is a source of highly valued amber whose 
mineralogical name (Simetite) derives from Simeto River. Sicilian amber is considered by 
gemological studies as the most valuable in the world for the physical-chemical properties and for 
its rarity. The limitation of the study of  Simetite is due both to the lack of information in  literature 
and the lack of authentic Simetite samples in mineralogical collections. In the study reported here, a 
collection of  numerous Simetite samples was analyzed by NMR and Raman spectroscopy with the 
aim to trace Simetite with respect to  ambers from other regions (Baltic and Dominican Republic) 
and to create a database of Simetite useful for future studies. 
[1] J. B. Lambert, C. W. Beck, J.S. Frye,  Archaeometry 30, 1988, 248-263. 
[2] J. B. Lambert, S. C. Johnson, G. O. Poinar, Archaeometry 38, 1996, 325-335. 
[3] J. B. Lambert, J. A. Santiago-Blay, Y. Wu, A. J. Levy, Magnetic Resonance in Chemistry, 53, 2015, 2-8. 
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light sources 
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C.Clementi(2)
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 (2) Dipartimento di Chimica Biologia e Biotecnologie, Università degli Studi di Perugia, via Elce di Sotto, 8, 
06123 Perugia, Italy
A non-invasive investigation on cultural heritage usually begins with the use of imaging 
techniques that can provide useful information for the identification and distribution of 
materials on a painted surface [1]. In particular photo-induced luminescence imaging can give 
important indications on the distribution of organic (binders, resins, dyes and lakes [2]) and 
inorganic (Egyptian blue, Han blue, Han purple, zinc oxide, cadium based pigments [3, 4]) 
constituting materials. This technique has been conventionally performed with the use of 
Wood’s lamps as excitation source, occasionally filtered to obtain a maximum output at 365 
nm avoiding any visible spurious light. Recently the use of LEDs that generate a narrow band 
in the visible range has been introduced [3]. This development has allowed for a more 
sensitive and selective detection of luminescence signals therefore enhancing the strengths of 
luminescence-based imaging techniques [3]. 
In this work we propose a user-friendly method based on the use of interchangeable and 
tunable LED light source system that allows to select the power and the wavelength of the 
excitation light. The system is composed of Red LEDs (emission peak at 630 nm), Green 
LEDs (emission peak at 517 nm) and Blue LEDs (emission peak at 465 nm) which can be 
individually used as an “almost monochromatic” source or simultaneously applied as a white 
light source. High resolution visible-induced luminescence images have been collected 
combining the described system and appropriate filters in front of the lens with a camera body 
Mamiyaleaf IXR having a 80 mm lens and a digital back LEAFCREDO 60 (MP) WS (Wide 
Spectrum) which allows luminescence signals from 380 nm to 1100 nm to be collected. 
The first part of the study has been concerned the analysis of panel painting replicas, prepared 
applying pigments and lakes commonly used in works of art of different historical periods, on 
a black ground preparation layer to minimize any interference due to reflected light. The 
images have been collected in emission mode with excitation produced by respectively red, 
green and blue LEDs, either in visible and in the near-infrared region. Spectralon ® non-
luminescent grey scale target (99%, 50%, 25%, 12% reflectance in the UV-VIS-NIR range), 
manufactured by Labsphere, has been used as reference standard.
The developed procedure has been successfully applied on ancient and modern easel paintings 
and on illuminated manuscripts. The obtained results, confirmed by means of non-invasive 
spectroscopic techniques, promote this new application of imaging techniques as a suitable 
and easy tool for the non-invasive identification and distribution of luminescent materials on 
artworks.
[1] http://www.britishmuseum.org/pdf/charisma-multispectral-imaging-manual-2013.pdf
[2] G.Verri, C.Clementi, D.Comelli, S.Cather, F.Piqué, Applied Spectroscopy, 62 (12), 2008, 1295-1302. 
[3] G.Verri , Anal. Bioanal. Chem 394, 2009, 1011-1021. 
[4] M.Thoury , J. K. Delaney, E. R. Rie, M. Palmer, K. Morales, and J. Krueger, Applied Spectroscopy 65(8), 
2011, 939-951. 
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The Islamic sgraffito ware appeared in 9th century in the Middle East, whence widespread to 
the Iranian regions, with several production centers from 10th to 12th century and beyond. 
The site of Nishapur in Khorasan (northeastern Iran) is particularly important as type-site for 
early Islamic pottery, even though its chronology is still unclear. The ruins of Nishapur were 
excavated by the Metropolitan Museum of Art, which brought to light a consistent 
assemblage of contemporary early Islamic glazed ceramics, locally made, as evidenced by the 
ceramic kilns and the numerous production indicators [1]. 
The early Islamic sgraffito wares in the holdings of the MMA 
are currently the object of a research project aiming at 
characterizing the pottery from a material point of view, 
towards the definition, for the first time, of a reference group 
for this important production center. The main goal is to address 
the question of the homogeneity of these ceramics by looking at 
the petro-mineralogical and chemical composition of the 
ceramic body, as well as the glaze. Information on production 
technology is also inferred from the composition of the body 
and the glaze. Fragments were analyzed through a multi-
technique approach, including thin section analysis by means of 
polarizing microscopy, PXRF, XRPD, SEM-EDS, and Raman spectroscopy. 
The vessels are made of a red ceramic body, with a fine fabric coated with a white slip, 
painted and finally covered with a transparent glaze. The ceramic bodies analyzed so far are 
quite homogeneous and the presence of inclusions like volcanic minerals and rock fragments 
bears the use of local raw materials. The first results from the analyses of the glazes also show 
a very good compositional homogeneity: all the colors are metal-colored lead-glazes, in 
agreement with previous analyses [2, 3, 4]. The novelty lies in the presence of cadmium and 
tin, in a constant count ratio, in all the objects analyzed. The quite constant count ratio of 
lead/cadmium and lead/tin might indicate that these elements are related to the lead source. 
These preliminary results represent an important step towards the compositional 
fingerprinting of the Nishapur’s early sgraffito pottery, that further investigation with kiln 
furniture and raw materials may confirm. 
[1] C.K. Wilkinson, Nishapur: pottery of the early Islamic period. The Metropolitan Museum of Art, 1973. 
[2] B. Kleinmann, Proceedings of the 24th International Archaeometry Symposium. Olin, J.S. and Blackman 
M.J. eds., Smithsonian Institution Press, Washington, D.C., 1986, 73-84. 
[3] L. Lazzarini, M. Verità, A.E. Charola, Proceedings of the 1st European workshop on archaeological 
ceramics, Burragato, F., Grubessi, O., Lazzarini L. eds., Università degli Studi di Roma “La Sapienza”, Roma, 
1994, 505-511. 
[4] R. Rante and A. Collinet, Nishapur revisited. Stratigraphy and Ceramics of the Qohandez. Oxbow Books, 
Oxford, UK, 2013. 
Fig. 1. Bowl with sgraffito 
decoration, with green, yellow, and 
purple splashes (MMA 40.170.122).
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Painted artworks are constantly exposed to and affected (chemical, mechanical and visual) by 
their environment, thus paintings themselves can be seen as dosimeters that integrate the 
effect of it [1]. Up to day, few studies have evaluated the effects of urban atmospheric 
aerosols on the pigment-binder interactions. The present work is part of two research projects 
designed to study pigment-binder interactions in polychromes and paint dosimeters exposed 
at open and semi-open monuments of Granada city. 
In this context, we present here the results of the lipidic mass 
spectra profile of blank paint dosimeters and those artificially 
aged (UV light) and long-term natural aged (urban 
atmosphere) by matrix-assisted laser desorption ionization 
time-of-flight mass spectrometry (MALDI-TOF-MS). The 
dosimeters were prepared according to ‘Old Master recipes’
and comprise pure egg yolk binder and binary mixtures of 
pigments mixed with the binder (spread on glass slides). The 
pigments studied were lapis lazuli, malachite and azurite.
To obtain the lipidic fraction from the dosimeters, an ad hoc
extraction method was developed and optimized. This 
procedure includes re-dissolution with acetonitrile/water 
medium to extract both polar and non-polar lipids. Also, a 
washing step previous to the analysis by MALDI-TOF-MS
was incorporated to remove interference in the ionization 
process in the source (MALDI). The extracts were analyzed 
by MALDI-TOF-MS in positive mode. 
Results show that the lipidic fraction from blank dosimeters 
was not affected by the presence of any pigment, that is, 
similar lipidic mass spectra profile was obtained from all 
blank dosimeters. In the UV artificially aged samples, the comparison of the mass spectra 
with the blank dosimeters revealed the loose of some mass signals although those detected 
were also present in the black dosimeters. By contrast, the lipidic mass spectra profile of the 
naturally aged dosimeters was totally different, indicating deeper alteration due to the urban 
environment exposure. In all studied samples the lipidic mass profile was independent from 
the pigment, and was related with the aging of the dosimeter, i.e., blank, artificial or naturally 
aged, as shown in the Figure for azurite-bearing dosimeters.
Acknowledgements: Research Groups RNM-179 and FQM-118, and Research Projects 
AERIMPACT (CGL2012-30729) and EXPOAIR (P12-FQM-1889) for financial support. 
[1] Oscar F. van den Brink, Gert B.Eijkel, Jaap J.Boom, Thermochimica Acta 365 (2000) 1-23.
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Gilt leathers, ancestors of our wallpapers, are luxurious decorations used all over Europe 
between the 16th and the 18th century. Despite their name, gold is not present in the 
composition of these artifacts. Indeed, these decors were made by applying a silver foil to the 
leather then covered with a yellow varnish, which presents a gold-like appearance.  
Nowadays it is still difficult to date and to classify gilt leathers as they are not signed and 
assumptions concerning their provenance are generally made from stylistic studies [1]. 
Recently an analytical methodology was developed to characterize the different components 
within gilt leather to learn about the manufacturing technique and degradation processes [2]. 
The present research focuses on the characterization of the silver foil by non-invasive ion 
beam analyses. This combines analyses by PIXE (Particle Induced X-ray Emission) to 
characterize the silver foil composition and RBS (Rutherford Backscattering Spectrometry) to 
localize the different components. The results obtained from the analysis of a corpus of over 
40 historical samples originating from different geographic areas in Europe will be presented. 
In addition, model samples prepared according to an ancient recipe [3] and artificially aged 
were also analyzed to investigate the influence of different factors, (e.g. leather, glue or 
pollutants) on the tarnishing of silver. RBS also gives information on the characteristics of the 
foil such as its thickness (Figure 1) which, combined to the composition and the stylistic data, 
should help us find provenance markers for the different workshops in Europe. 
ŐůĞĂĨ
ǆƉĞƌŝŵĞŶƚĂů
ĂͿ ďͿ
Figure 1: Gilt leather from the Palazzo Chigi, Ariccia in Italy (1671, maker: Agostino Nespola); (a) RBS 
spectrum allowing the calculation of the Ag foil thickness as being 0.123 ± 0.028 µm; (b) visible images of the 
artifact. 
[1] J.-P. Fournet, Mémoire de recherche approfondie, PhD dissertation, Ecole du Louvre, Paris, 2004. 
[2] C. Bonnot-Diconne, L. Robinet, C. Pacheco, M. Ioele, M. Paris, ICOM-CC 17th Triennal Conference 
Preprints, 2014, art. 0701, 8 pp. 
[3] A.D. Fougeroux de Bondaroy, Description des arts et métiers, 1762, 42 pp. 
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As part of our research we aimed to develop a new methodology for the identification and 
characterization of binding media in oil paintings. Current evaluation of the oil media and 
attributions to its origin – linseeds, poppy seeds or walnuts – has been done for several years 
by GC-MS [1-5], with some reservations as to the question of mixed media and pigment 
interference [6, 7]. 
This work presents a study on a chemometric approach to infrared spectroscopy data for the 
identification and characterization of the binding media in oil paintings. A methodology has 
been developed and tested in order to distinguish between linseed and poppy oils based on 
their infrared spectra [8, 9], thus requiring a much smaller amount of sample than 
chromatographic methods. To insure the feasibility of the method and its possibilities when 
testing real paintings, three different infrared techniques were used, comparing the results and 
advantages of each use: P-FTIR spectroscopy in transmission mode using micro-samples, 
ATR infrared spectroscopy and diffuse reflectance spectroscopy, both in situ. Reference 
samples of oil paints made up from these two different kinds of oils and also a mixture of both 
were used as standards to ensure we could assess this issue in real works of art. These 
historically accurate oil paint reconstructions also include samples from the Molart 
Fellowship Report (Canadian Conservation Institute, 1999-2000) and the HART Project 
(NWO-Netherlands Organisation for Scientific Research, 2002-2006). By analyzing freshly 
made and dried oil paint reconstructions, as well as artificially aged ones and by restricting 
the principal component analysis (PCA) [10, 11] of this data to the C-H stretching absorption 
region (3100–2850 cm−1), so as to eliminate interference from the pigments present, it was
possible to distinguish for the first time between linseed and poppy oils, using only infrared 
spectral data. The study aimed for the application of this methodology in oil paint samples 
from Portuguese artists António da Silva Porto (1850-1893), Columbano Bordalo Pinheiro 
(1857-1929) and Amadeo de Souza-Cardoso (1887-1918). The advantages and weaknesses of 
the three methods used to obtain infrared data will be discussed. 
.H\ZRUGV: oil paintings; binding media; infrared spectroscopy; FTIR; ATR; Diffuse Reflectance; 
chemometrics; principal component analysis; historically accurate reconstructions. 
[1] J. S. Mills, Stud. Conserv. 11 (2), 1966, 92-107.
[2] A. Casoli, P. C. Musini, G. Palla, J. Chromatogr. A 731, 1996, 237-246.
[3] R. M. Castro et al., J. Chromatogr. A 778, 1997, 373-381. 
[4] M. P. Colombini, F. Modugno, M. Giacomelli, S. Francesconi, J. Chromatogr. A 846, 1999, 113-124.
[5] K. J. van den Berg, J. J. Boon, I. Pastorova, L. F. M. Spetter, J. Mass Spectrom. 35, 2000, 512-533. 
[6] J. Blaško et al., J. Sep. Sci. 31, 2008, 1067-1073. 
[7] J. V. Gimeno-Adelantado et al., J. Chromatogr. A 922, 2001, 385-390. 
[8] R. J. Meilunas, J. G. Bentsen, A. Steinberg, Stud. Conserv. 35 (1), 1990, 33-51.
[9] J. van der Weerd, A. V. Loon, J. J. Boon, Stud. Conserv. 50(1), 2005, 3-22. 
[10] M. Vagnini, C. Miliani et al., Anal. Bioanal Chem 395, 2009, 2107-2118.
[11] C. Miguel, J. A. Lopes, M. Clarke, M. J. Melo, Chemometr. Intell. Lab. 119, 2012, 32–38.
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The geochemical study of archaeological materials provides significant information on past 
human populations. In the case of ancient ceramics, analytics have been used to get 
information on the use of raw materials, technological production and trade among different 
human societies [1] [2]. Studies on trade are the most common and different instrumental 
techniques are usually used: X-Ray Fluorescence Spectroscopy (XRF), Proton-induced X-ray 
emission (PIXE), Instrumental Neutron Activation Analysis (INAA), Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS), optical emission spectroscopy (ICP-OES) or atomic 
emission spectroscopy (ICP-AES). Several problems arise on the use of each technique and 
the elements considered for comparison. In most cases it is compared the elemental 
composition of samples among a few sites. Using such results in regional studies can be 
problematic as the use of one or another method implies some systematic and non-systematic 
differences in some resulting elements due to the characteristics of the samples (e.g. minerals 
present, firing temperatures) protocols and methods used. Moreover, pottery can be a very 
heterogeneous material and both the selection and preservation of the sample during burial in 
each site are crucial on results. In fact the use of non-destructive techniques such as in situ 
XRF is problematic for pottery analyses due to pottery heterogeneity [3]. In a complete 
project for studying the Mesopotamian pottery, so-called bevelled rim bowls (BRB), we have 
analysed samples from Middle Syrian Euphrates sites by X-Ray Fluorescence Spectroscopy 
(XRF), Instrumental Neutron Activation Analysis (INAA) and Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS). One of the finally aims of such project is reconstructing trade 
or production sites of BRB in the Near East. Such bowls are characteristic of the Uruk period 
(3600-3000 BC) in Iraq, Iran, Syria and Southern Turkey and are very homogeneous in size 
and volume from. Although several hypotheses have been proposed for their manufacture, 
trade and use, none of them have been proved and no consistent evidences support all 
proposed hypotheses [4]. As a first step to know if the scarce published data are comparable 
with our results we have compared the results obtained by the different instrumental 
techniques and discussed the discrepancies in some elements to establish a basic procedure 
for comparing results from site to site when different instrumental techniques are used.
[1] Rice, M. Pottery Analysis. The University of Chicago Press, 1987. 
[2] Martinón-Torres, M. ed. Craft and science: International perspectives on archaeological ceramics, UCL 
Qatar Series in Archaeology and Cultural Heritage, Volume 1, 2014.  
[3] Speakman, R.J., Little, N.C., Creel, D., Miller, M.R., Iñañez, J.G. Journal of Archaeological Science, 38, 
2011, 3483-3496. 
[4] Helwing, B. Bevelled Rim Bowls, Arcane. Interregional I. Ceramics, Turnhout, 2014, 31-40. 
TECHNART 2015 POSTER SESSION 1
P1-114
Estimating the temperature attained by fire on stone 
surfaces: Ciudad de Vascos (Spain)
Jorge Sanjurjo(1), Miguel Gomez-Heras(2,3), Rafael Fort(3), Monica Alvarez de 
Buergo(3), Ricardo Izquierdo Benito(4) and Miguel Bru(5)
(1) Instituto Universitario de Geología “Isidro Parga Pondal”. Universidade da Coruña, Campus de Elviña, 
15071, A Coruña, Spain, jsanjurjo@udc.es 
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Fires can cause irreversible damage in building materials like stone. Ancient past fires can be 
responsible for the subsequent weathering history of building stones, being the damaging 
effect strongly dependant on the maximum temperatures reached; their estimation is a 
challenging task [1]. Thermoluminescence (TL) has been particularly useful to assess the 
maximum temperature of firing of some archaeological objects such as pottery, as well to date 
the firing event. Just a few seconds of firing are enough to induce a “firing mark” that can be 
measured by TL [2]. However, it has not been routinely used for studying building stone fires 
[3]. Several questions on the use of TL for this purpose have just been partially solved and the 
technique shows reliable results [3] [4]. We apply the TL technique to know the maximum 
temperature reached during past fires in granite stoneworks of an archaeological site. Ciudad
de Vascos is the name given to the archaeological remains (Toledo, Spain), of an old Al-
Andalus city (9th-11th C.), with an extension of approx. 8 Ha. The 1.5 km of walls of the city 
(medina) and the citadel (al-qasbah) are the best preserved remains. The ensemble was listed 
in 1931 as Historic and Artistic Monument [5] [6]. The site is built with two types of granites 
[7] mainly constituted by medium to coarse-grained seriated to microporphyric heterogranular 
granitoids. The main minerals are quartz, K feldspar, plagioclase, biotite and muscovite. The 
most common decay features are granular disaggregation and spalling, and discolouration 
caused by fires is common. TL tests have been performed on granitic samples of the site. 
Analyzing the loss of TL signal from poly-mineral grains we have found that there is a loss of 
signal from the studied rock surfaces up to 3 cm deep (at which no more signal loss is 
observed) due to fires. Using the 110ºC TL peak of quartz it has been assessed that the 
maximum temperatures reached on the rock surfaces range from 400 to 500ºC with an 
average temperature decrease of ~50ºC each ~2 cm in depth.
[1] M. Gomez-Heras, S. McCabe, B.J. Smith, R. Fort. Journal of Architectural Conservation 15 (2), 2009, 47-58. 
[2] M.J. Aitken, Thermoluminescence dating, Academic Press, London, 1985.  
[3] J. Sanjurjo-Sánchez, M. Gómez-Heras, G.S. Polymeris Mediterranean Archaeology and Archaeometry, 
13(3), 2013, 145-153.
[4] G. S. Polymeris, N. G. Kiyak, D. K. Koul, G. Kitis. Archaeometry 56(5) 2013, 805-817.  
[5] http://www.mecd.gob.es/bienes (acceded 14/1/2015) J. Jiménez de Gregorio. Archivo Español de 
Arqueología 22:75, 1949. 175- ss. 
[6] J. Jiménez de Gregorio. Boletín de la Real Academia de Bellas Artes y Ciencias Históricas de Toledo. 62- 63, 
1949. 153- 180. 
[7] P. Andonaegui, J.L. Barrera. Boletín Geológico y Minero del IGME 95(2), 1984, 165-183.  
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In the Isthmus of Panama several natural and cultural UNESCO sites are present [1], which 
unfortunately are at risk for the increase of human pressure and climate impact.  
Specifically, this region has been classified as an equatorial zone [2], therefore it implies no 
significant variations of temperature during the whole year, which shows 27°C as annual 
mean value, in both the dry and rainy season, and yearly precipitation amounts of 3500 mm, 
on the Caribbean coast, and 2300 mm on the Pacific littoral [3].  
Aim of this work is to analyze problems related to the preservation of the UNESCO 
archaeological site of Panamá Viejo, the first Spaniard settlement on the Pacific coast (XVI 
cent.), now located in the downtown of Panama City [4] .  
Petrographic approach, carried out through observations in Optical Microscopy (OM) and 
Scanning Electron Microscopy (SEM-EDX), and non invasive X-Ray Fluorescence 
microanalysis (XRF), was used for the characterization of the materials, identifying 
principally silicate and carbonate rocks at the site. In addition, these chemical and 
mineralogical analyses were used to evaluate the state of conservation of materials, to identify 
the responsible agents of their deterioration and to highlight which are the effects and the 
degradation processes developed in these environmental conditions. The main decay causes 
observed are due to biodeterioration and chemical-physical decay, connected with the 
presence of high humidity, which can lead to cracks and detachments. Furthermore, the 
investigations allowed us to recognize quarries of raw materials supply, fundamental for 
future compatible restoration works.
Finally, monitoring stations of climate parameters were selected in the area under study, with 
the purpose of collecting data suitable for the application of damage functions with the aim of 
achieving a quantitative evaluation of the identified deterioration processes, such as biomass 
accumulation on stones [5] and surface recession [6].  
[1] http://whc.unesco.org/en/list/  
[2] Kottek, M., J. Grieser, C. Beck, B. Rudolf, And F. Rubel, World Map Of Köppen-Geiger Climate 
Classification Updated. Meteorol. Z. (15), (2006), 259-263.
[3] Gobierno Nacional - República de Panamá, Autoridad Nacional del Ambiente, Atlas Ambiental, (2010) 26-
31
 [4] Patronato de Panama Viejo e Emajada de Espana en Panama, (2006). Panama Viejo, de la aldea a la urbe, 
from village to city. 
[5] Gómez-Bolea A., Llop E. , Ariño X., Saiz-Jimenez C., Bonazza A., Messina P., Sabbioni C., Mapping the 
impact of climate change on biomass accumulation on stone, Journal of Cultural Heritage 13 (2012) 254–258 
[6] Bonazza A., Messina P., Sabbioni C., Grossi C. M., Brimblecombe P. Mapping the impact of climate change 
on surface recession of carbonate buildings in Europe. Science of the Total Environment 407, (2009) 2039-2050
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(1) ETSF, MIFP, Dip. di Fisica, Università di Roma Tor Vergata, Via della Ricerca Scientica 1, Rome, Italy 
 (2) Istituto dei Sistemi Complessi,CNR, Via Salaria Km 29.300, Monterotondo Scalo, Rome, Italy. 
(3) Faculty of Chemistry, Jagiellonian University,Ingardena 3, 30-060 Kraków, Poland 
(4) MIFP, V Ye. Lashkaryov Institute of Semiconductor Physics of NAS of Ukraine, pr. Nauki 45, Kiev, Ukraine. 
(5) ICRCPAL, MIBACT, via Milano 76 00184, Rome, Italy. 
Some of the most important masterpieces of our culture, knowledge and art are stored on 
paper. The conservation of this fragile material is a challenge involving both communities of 
cultural heritage and material sciences. To this goal an innovative diagnostic method [1,2] 
based on non-destructive optical spectroscopic techniques combined with computational 
simulations based on ab-initio theoretical condensed matter methods has been set up. It has 
been applied to invaluable pieces of art, such as the famous Leonardo Da Vinci's self-portrait 
[3]. In this talk, I will show how this method has been used in order to deepen our knowledge 
on oxidation processes occurring in aged paper and causing visual and structural damage to 
historical documents. Several different paper samples made of pure cellulose or with small 
amount of lignin, artificially aged under different controlled conditions, have been analyzed. 
The concentration of oxidized groups acting as chromophores and inducing yellowing in the 
samples has been evaluated by using this method. Results have been interpreted by using 
linear kinetic equations relating the concentrations of chromophores and of optically inactive 
oxidized groups as a function of aging time. According to this model, high temperature and 
humidity induce the formation of ketones and aldheydes in paper, that can react and transform 
into chromophores absorbing mainly in the visible range of the optical spectrum (diketones), 
or into oxidized groups that are not optically active, like carboxyles. This model well 
describes both pure cellulose samples and samples containing small amount of lignin aged at 
90|C. Below this temperature the prevailing reactions are moderate oxidation of the 
functional groups towards the carbonylic groups while more advanced oxidation of cellulose 
were only observed above 150|C [4,5]. This is therefore a good model describing oxidation 
and yellowing of ancient paper documents, which are made of almost pure cellulose and
whose degradation process occurs at room temperature, well below 90|C.
[1] A. Mosca Conte, O. Pulci, A. Knapik, J. Bagniuk, R. Del Sole, J. Lojewska, and M. Missori, Phys. Rev. 
Lett., 108, 2012, 158301. 
[2] M. Missori, O. Pulci, L. Teodonio, C. Violante, I. Kupchak, J. Bagniuk, J. Lojewska, and A. Mosca Conte, 
Phys. Rev. B, 89, 2014, 054201. 
[3] A. Mosca Conte, O. Pulci, M. C. Misiti, J. Lojewska, L. Teodonio, C. Violante, and M. Missori, Appl. Phys. 
Lett., 104, 2014, 224101.
[4] A. J. Michell and H. G. Higgins “Infrared spectroscopy in Australian forest products research”. Melbourne: 
CSIRO Forestry and Forest Products, 2002. 
[5] T. Lojewski, P. Miskowiec, M. Missori, A. Lubaska, L.M.Proniewicz, J. Lojewska, Carbohydrate Pol. 82(2),
2010, 370-375.
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The main goal of this work was to investigate the biological fungicidal activity of some 
commercial essential oils of: tea tree, lavender and thyme oils to be applied as alternative 
preservatives for ancient manuscripts. To achieve our goal, model samples of cellulosic 
papers were made to mimic the original manuscript which is a Coptic manuscript known as 
Pascha (the sacred week), dated 1812.  
Twenty-three microorganisms strains were isolated representing twelve fungal taxa and one 
bacterial taxa which were identified in all collected and analyzed samples, including 
Trichoderma viride., Penicillium roqueforti,, Eurotium chevalieri, Aspergillus flavus and 
Bacillus subities. Scanning electron microscope (SEM) was used to investigate the growth of 
the associated microorganisms and their effect on the paper sample composition. 
Different concentrations of the mentioned essential oils were applied on the mimic samples 
then subjected to accelerated ageing for either 25 or 50 years. To characterize the applied oils 
on the samples, FTIR-ATR, color measurements according to CIELAB system, and the 
mechanical properties of the tested samples were recorded. The results revealed that, samples 
treated with either tea tree oil or lavender oil, has ΔE values that decreased as the oil 
concentration is increased. However, samples were treated with thyme oil the reverse is 
obtained. For the treated samples exposed to 25 years of artificial light ageing, it was noticed 
that The higher obtained tensile strength and %elongation of treated samples followed the 
ranking order: thyme > lavender > tea tree oils. For treated samples that were exposed to 50 
years of artificial light ageing, it was observed that almost all tensile strength and 
%elongation values of the treated samples are higher than that of the untreated ones. 
Moreover, it was noticed that, the inhibition of growth of the microorganisms was obtained at 
low concentration of tea tree oil (0.25% v/v). This treatment was   esthetically acceptable for 
archaeological objects. For instances, being colorless, transparent and safe.  
Based on the results obtained, the optimized essential oil which is the oil with appropriate 
concentration was selected to be added to the cellulosic pulp used for the leaf casting. 
Moreover, the same optimized essential oil was applied on the paper samples for use as 
separators between the ancient manuscript pages. After dismantling, cleaning, leaf casting and 
rebinding of the damaged parts, the manuscript is then preserved.  
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This paper describes the technical and 
material characterization carried out for 
the first time on twelve untouched scenes
of Ignatius of Loyola life. The paintings, 
dated from 1590, are believe to be the first 
known representations in Europe of  the 
founder of Jesuits Company. The 
analytical setup comprised technical 
photography (visible, racking light and 
infrared); spectrophotometry and energy 
dispersive X-ray fluorescence (EDXRF).
Further characterization of collected
samples was carried out using optical and 
scanning electron microscopy coupled 
with energy dispersive X-ray (SEM-EDS),
micro-X-ray diffraction (µ-XRD) and
micro-Fourier transform Infrared 
Spectrometry (µ-FT-IR). Giornate are 
clearly seen in all the paintings and 
stratigraphic analysis by optic and 
electronic microscopy confirms that fresco technique with mezzo fresco or already lime
secco finishing’s were  mainly used. Buon fresco technique was only found in two
scenes. A restricted pigments palette of smalt (Co), azurite (Cu), malachite (Cu) and 
earth pigments were used. Mixtures of pigments enrich the colour palete. An unusual 
black pigment made with calcium (Ca), silicium (Si) and magnesium(Mg) was found in 
all the black and grey paint layers. 
Acknowledgments: The authors wish to acknowledge the Fundação para a Ciencia e Tecnologia for financial support 
through Pós-Doc grant SFRH/BPD/63552/2009 and Project PRIMART (TDC/CPC-EAT/4769/2012), funded by 
FCT/MEC and co-funded by Fundo Europeu de Desenvolvimento Regional (FEDER) through the program 
COMPETE. 
Overall view of the 12 scenes of Ignatius di Loyola life
in the vault of the new Sacristy of the College of Spirit 
Saint in the town of Évora (photo M.Ribeiro2013)
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Black crusts generally cover marbles, limestones, sandstones and granites of ancient stone 
monuments exposed to urban pollution. Cleaning interventions used for removal of the crusts 
include mechanical cleaning, washing methods and poultices containing chemical agents, but 
unfortunately these procedures usually also affect the underlying materials [1].
Nowadays laser technology has gained a huge interest for cleaning stone monuments as a dry 
and contact-free procedure that is able to remove selectively contaminating dirt and coatings 
by minimizing mechanical and chemical disruption of historic surfaces and generating 
minimal waste. 
In this study the laser cleaning operation was applied to the left jamb of the southern entrance 
gate to the courtyard of the Castello Svevo, Bari, Italy. This area of the masonry blocks of the 
limestone castle was chosen because it appears particularly degraded and with an evident 
deposit of black crusts. The castle is characterized by a quadrangular shape and square towers 
and was built originally in 1131 by Roger the Norman on the remains of a Byzantine 
structure, and is the result of several building phases ranging from the twelfth to the sixteenth 
century.
The aim of this study is to demonstrate the effectiveness of laser cleaning for dirt removal 
before the restoration phase is performed by adhesion and cohesion (pre-consolidation) of the 
calcareous stones and quoins. However, even if the use of consolidant products might stop the 
degradation as exfoliation, sprays, etc., on the other hand it would promote fixing of even 
more dirt on the stones, thus compromising the achievement of the optimal cleaning.
Results of this study show that irradiation at 1064 nm by a Q-switched Nd:YAG laser is 
capable of removing black encrustations resulting from atmospheric pollution from these 
materials without damage to the underlying stone. This type of laser provides pulses of 
typically few ns of near infrared (1064 nm) radiation, which are preferentially absorbed by the 
stone soiled layers, thus producing a rapid increase of the surface temperature of the black 
crust which can lead to its removal [1]. Further irradiation with the third harmonic of the Q-
switched Nd:YAG laser at 355 nm of the areas previously cleaned with the fundamental 
radiation results in the complete removal of the yellowing effect [2], which  is one of the main 
concerns when employing laser at 1064 nm, thus restoring the stone original color. 
[1] M.I. Cooper, Laser Cleaning in Conservation: An introduction. Oxford: Butterworth-Heinemann, 1998. 
[2] M. Gavino, B. Hermosin, M. Castillejo, M. Oujja, E. Rebollar, V. Verges-Belmin, W. Nowik, C. Saiz-
Jimenez. Air Pollution and Cultural Heritage – Saint Jimenez (ed.), Taylor & Francis Group, 2004, 239. 
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Since antiquity, lapis lazuli has been highly valued across many cultures, frequently used as a 
stone or processed pigment. Consequently, there has long been interest in determining the 
provenance and understanding the natural color variations of lapis lazuli.  Such information 
may provide a means of elucidating the trade between cultures and the choices of artists with 
respect to this precious material.  Lapis lazuli contains the blue mineral lazurite 
((Na,Ca)8Al6Si6O24(SO4,S,Cl)2)—a member of an aluminosilicate-sodalite mineral group in 
which the sulfur species are trapped within an aluminosilicate cage—in association with other 
minerals, including calcite, pyrite, diopside, and sodalite.  The specific mineral inclusions 
found in lapis lazuli, and the spectroscopic characteristics of those inclusions, provide one 
avenue for probing the origin of lapis lazuli objects or pigments.
As an alternative means of obtaining a geological fingerprint for lapis lazuli, we are studying 
lazurite, in particular the sulfur speciation within the aluminosilicate cage.  Investigating the 
mineral responsible for the valued blue color is beneficial because accessory minerals may be 
removed during the processing of the lapis lazuli into a lazurite-rich pigment (i.e. 
ultramarine). To gain an understanding about the sulfur speciation, we examine the bonding 
environments in various lazurite samples with sulfur X-ray absorption near edge structure 
(XANES) spectroscopy using the newly developed soft X-ray beamline (14-3) at the Stanford 
Synchrotron Radiation Lightsource (SSRL).  A diverse sample set of both lapis lazuli rocks 
and pigments from many origins, including Afghanistan, Russia, Chile, Tajikistan, and North 
America, is being measured.  The data gathered provide information about the species 
present—such as sulfate (SO42-), polysulfide (Sx2-), and thiosulfate (S2O32-)—and their 
distributions within each sample, facilitating comparisons between diverse sources.  
Preliminary results show distinct differences in the XANES pre-edge peaks of Chilean 
samples with respect to those from other regions.  As a means of connecting our findings to 
analyses feasible in a museum setting, complementary data are also being gathered with 
SEM-EDS, Raman spectroscopy, and XRD.  Our current work not only contributes to our 
collective understanding of lapis lazuli and its material properties, but also demonstrates the 
potential benefits of soft X-ray analysis for cultural heritage research. 
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Washington and Lee University has benefitted enormously from ground-breaking imaging 
research at the National Gallery of Art led by John Delaney, and cutting edge cadmium 
yellow (CdS) degradation studies at Winterthur/Barnes Foundation/University of Delaware 
led by Jennifer Mass [1]. W&L is applying this work to ongoing studies of Louise 
Herreshoff’s paintings [2]. Herreshoff (1876-1967) was a minor American master of the early
20th century. By her mid-twenties, Herreshoff’s paintings were accepted for international 
exhibition in the Paris Salon (1900 and 1903) and the National Academy of Design (1900) in 
New York. Years after her death, her work was prominently exhibited at the Corcoran Gallery 
of Art in 1976.
Herreshoff stopped painting after a family death, and her paintings were stored in an attic 
under uncontrolled extremes of temperature and humidity, but the paintings did escape 
exposure to light for decades. Given that light exposure is critical in the CdS degradation 
process, and given that Herreshoff used CdS extensively [2], we hoped the Herreshoff 
paintings might not show advanced CdS decay, since little visual evidence for alteration is 
present. However, initial results from visible-induced (380-520 nm) NIR fluorescence 
imaging have generated concern, revealing the characteristic luminescence that often precedes 
visibly identifiable alteration. Careful visual surveys of regions with the characteristic 
luminescence revealed darkening/discoloration, particularly in the high impasto areas. With 
the survey capability of multispectral imaging and the higher spectral range (350-2500 nm)
and resolution of fiber optic reflectance spectroscopy (FORS), we are working to develop a 
better understanding of the Herreshoff paintings, and we hope to compare the results with 
other vulnerable paintings which have received more light exposure that date from the 
roughly five decades (~1880~1930) during which the preparatory procedure for CdS paint 
made it particularly vulnerable to degradation.
This poster will focus on the preliminary results from FORS and multispectral imaging of 
W&L’s Herreshoff paintings as well as our collective efforts to bring these techniques fully 
into the interface of undergraduate research and teaching for science and non-science majors.   
 [1] Mass, J.; Uffelman, E.S.; Buckley, B.; Plahter, U.; Grimstad, I.B.; Delaney, J.; Florescu, S. A.; Hull, A.M.; 
Andrews, V.M.; Burns, L.N. “Cadmium Yellow Degradation Mechanisms in Henri Matisse’s Le Bonheur de 
vivre (1905-1906) Compared to the Munch Museum’s The Scream (c. 1910): Fluorescence Imaging and 
Chemical Speciation as a Function of Depth Part 2: Fluorescence Imaging” In Munch 150 Conference 
Proceedings Frøysaker, T.; Streeton, N.; Kutzke, H.; Topalova-Casadiego, B.; Hanssen-Bauer, F. Archetype 
Publications: London, , accepted for publication. 
 [2] Uffelman, E. S.; Hobbs, P. A.; Barisas, D. A. G.; Mass, J. L. “pXRF Analyses of Louise Herreshoff’s 
Paintings in Relation to CdS and Other Pigment Degradation Issues”  Applied Physics A , A111, 9-14.
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The identification of pigments on substrates such as canvas and polychrome sculptures is very 
important for understanding the history and to assist in solving problems related to the 
conservation, restoration and dating of artworks. In this work, X-Ray Fluorescence (XRF), 
Scanning Electron Microscopy associated with Energy Dispersive Spectroscopy (SEM-EDS), 
Raman Spectroscopy and Fourier Transformed Infrared (FTIR) Spectroscopy were applied in 
order to characterize the pigments used in the manufacture of three sculptures dated from the 
early XVIII century (Baroque period), portraying Our Lady of Sorrows, St. John Evangelist 
and Jesus Christ. These sacred images were sculpted on wood for the main altar of the church 
of the Jesuits, established in Castelo hill (Rio de Janeiro, Brazil) in 1567. However, with the 
overthrow of the hill, in 1922, the sculptures were housed in the lobby of St. Ignatius School 
(Rio de Janeiro, Brazil). The results of this work were used by restorers for effective and 
adequate interventions in order to recovery the original characteristics of the sculptures. 
Some small fragments – extracted from the carnation region and clothing - were analyzed by 
using the aforementioned techniques. Stereo and optical microscopes, Olympus and Carl-
Zeiss, respectively, were used in order to study the stratigraphy and the microstructure of the 
samples. EDXRF portable system Bruker Tracer III-SD (with Rh anode, operating at 40 kV 
and 35 µA) and EDS system coupled to Scanning Electron Microscope Hitachi TM 3000 
(operating at 15 kV and 60 µA) were employed to characterize the elemental composition of 
the samples. FTIR analysis was performed using Bruker VERTEX 70 system, with ATR 
method. The spectra were collected in the middle region (4000-400 cm-1), with a resolution of 
1 cm-1 and 32 scans. Raman analysis was performed at Horiba Jobin Yvons Raman system, 
Labram HR Evolution. The spectra were collected using the laser line of 632.8 nm adjusted 
with 1mW power, focused on the samples through 50X objective lens. 
The samples showing green color presented the elements Cu and Pb in the XRF and EDS 
spectra, which could be related to the use of verdigris (Cu(C2H3O2)2.2Cu(OH)2) or malachite 
(CuCO3.Cu(OH)2) and a Pb based pigment (as lead white - 2PbCO3.Pb(OH)2 - for example). 
In this case, employing only elemental techniques, it was not possible to identify, without any 
doubt, the pigments used by the artist. However, additional Raman and FTIR analyses 
revealed the presence of the yellow pigment massicot (PbO) – identified by means of the 
strong bands on 143 and 289 cm-1 in the Raman spectra - and the blue pigment azurite 
(2CuCO3.Cu(OH)2). Red fragments analyses revealed the use of red ochre (Fe2O3) in the
samples extracted from the sculpture of Our Lady of Sorrows and vermilion (HgS) in the 
samples from Saint John, inferred by the presence of Fe, S and Hg, respectively, in XRF and 
EDS spectra. Raman and FTIR analyses corroborated this conclusion. In the preparation layer 
was employed gypsum (CaSO4.2H2O). The use of gold foils for gilding was proved by the 
presence of Au in XRF and EDS spectra. 
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Principal responsible for the process of independence of Brazil, D. Pedro I was the first
emperor of Brazil governing between the years 1822 and 1831[1]. D. Pedro died on
September 24 of 1834 at the Palace of Queluz, in Cintra and was buried in the Pantheon of the
Royal House of Bragança, in Lisbon, Portugal. However in 1972, during celebrations of the
150th anniversary of the Independence of Brazil, the human remains of D. Pedro I were
moved to the Imperial Chapel in Monument Ipiranga installed in the city of São Paulo, Brazil.
In the year 2012, was initiated a study in the human remains of the Emperor Pedro I and his
wives (D. Leopoldina and D. Amelia), including the archaeological research and the
inventory associated. He was buried following noble traditions wearing his general clothes of
the Portuguese army and his medals. The urn is a set consisting of three coffins. The first one
is a simple timber coffin that was placed in a lead coffin hermetically sealed and finally in a
heavy pine coffin. In the year of 1972 during the Independence celebrations, the urn was
opened and the condition of the body and coffins were verified [2]. This work presents the
analysis performed on the lead coffin and on several bones belonging to the Emperor D.
Pedro I of Brazil found on his burial site. The analyses were performed with non-destructive
techniques such as Energy Dispersive X-ray Fluorescence (EDXRF) in situ. The results
obtained for the coffin show a variation in the quantity chemical composition on the lead
alloys (Pb, Sn and Zn), separating the lead coffin body from the solder from different times.
The analyses of the bones also show different levels of lead contamination, higher on the
extreme areas such as hands and feet bones. On the dental arch was possible to analyze the
restorative material used in 3 different teeth. These materials have diverse elemental alloy
composition, two of them with Au and the third one with Bi.
[1] M. O. Lima, O movimento da Independência 1821-1822 (The movement of Independence 1821-1822),
Editora Melhoramentos, São Paulo, 1962.
[2] V. C. Ambiel, Estudos de Arqueologia Forense Aplicados aos Remanescentes Humanos dos Primeiros
Imperadores do Brasil Depositados no Monumento à Independência (Studies Forensic Archaeology Applied to
Human Remnants of the First Emperors of Brazil Deposited at the Independence Monument), Archaeology
Master Degree, Universidade de São Paulo, Museu de Arqueologia e Etnologia, São Paulo, Brasil, 1997.
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Olive jars were ceramic containers used primarily for the storage and transportation of food 
and consumer goods like: oil, olives, wine, vinegar, rum, honey, figs, pickled fish, tar, etc. 
These artifacts have been discovered in historical sites related to Spanish and Portuguese 
colonies established in the Americas, as well as shipwrecks and galleons from the period 
between the XVI and XVIII centuries. This work reports the analysis of 11 olive jars from the
shipwreck of the Portuguese galleon Santíssimo Sacramento - which occurred in the coastal 
of Bahia (Brazil) in 1668 - and 4 fragments of this kind of artifact found in archaeological 
excavations in the region located between the rivers Macacu and Caceribu, in the state of Rio 
de Janeiro (Brazil).
The analyses were performed using X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD) 
and Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS). XRF 
analysis employed a portable system with an X-ray tube Mini-X Amptek, with tungsten 
anode, and a detector 123-SDD Amptek, operating at 30 kV and 40 µA. The results revealed 
the same elemental composition for the clay used to manufacture the olive jars and fragments: 
K, Ca, Ti, Mn, Fe, Cu, Zn, Rb, Sr, Y and Zr. A yellow glazed layer of lead oxide was 
identified in the internal part of the containers. In order to complement the XRF results, 
revealing the geochemical structure of the clay and mineralogical characteristics, the 
fragments were analyzed by means of XRD and SEM-EDS. XRD was performed using a 
PANalytical Diffractometer, with copper anode, operating at 40 kV and 30 mA, 2θ scan from 
10º to 80º, scan rate of 0.02° s-1, slits: 1º (incident), 1º (divergence) and 0.3º (programmable).
The results revealed the presence of quartz, hematite, anatase, rutile, illite, etc. SEM-EDS was 
performed using a Hitachi TM 3000, operating at 15 kV and 60 μA. The results revealed the 
elements: Na, Mg, Al, Si, P, K, Ca, Ti and Fe. Multivariate statistics – Principal Component 
Analysis (PCA) - was applied to the XRF results in order to compare the olive jars from the 
shipwreck with the fragments found in the excavations. The principal components graph
revealed a clear separation of the samples in two distinct groups, which comprise smaller
subgroups. Three fragments found in the excavations were grouped with the smallest cluster
of olive jars from the shipwreck and the remaining one with the largest cluster. This result 
corroborates the hypothesis of two different sources of production for the olive jars. 
)LJXUH Some olive jars from the shipwreck and a fragment found in the archaeological excavations. 
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Archaeometric Analyses on Glass Tesserae form the 
Imperial Roman ‘Villa degli Antonini’ in the Alban Hills 
Deborah Chatr Aryamontri (1), Greg Pope (1), Laying Wu (1), 
 Nicholas Zarro (1) 
(1) Montclair State University, United States 
In 2010 the Center for Heritage and Archaeological Studies (CHAS) at Montclair State 
University began investigation of the archaeological remains commonly identified as the 
residence at Lanuvium of the dynasty of the Antonines (138-192 CE), located along the Via 
Appia eighteen miles from Rome. The site, so far the least explored of the ancient Roman 
imperial residences in the area of the Alban Hills, is likely the one where the emperor 
Commodus, whose love for participating in arena sports is notorious, earned his nickname 
“Roman Hercules” for killing wild beasts. The opulence of this villa is shown by large 
quantity of flooring and wall decoration elements of costly imported marble and thousands of 
colored glass tesserae (tiles), used for mosaics execution, in innumerable shades of the 
chromatic spectrum, including gilded ones. Nonetheless they unfortunately are usually found 
in fragmentary form in sub-aerial or underground setting. 
This paper discusses the ongoing scientific investigation of glass tesserae from the villa by 
means of several techniques in order to identify their chemical composition, production 
technology and state of deterioration. Qualitative and semi-quantitative analyses performed 
by means of scanning electron microscopy-Energy Dispersive Spectroscopy (SEM-EDS) 
show variability of chemical elements and have revealed surface microdeterioration such as 
pitting, etching, and glazing. Their components include silica, calcium, soda (Na), and minor 
peaks of chlorine - that might indicate their natron-type nature – copper, and iron. Ongoing 
acquisition of bulk chemical data by inductively coupled plasma, either optical emission or 
mass spectroscopy (ICP-OES/ICP-MS), x-ray diffraction (XRD) for mineralogy, and 
quantitative backscattered scanning electron microscopy (BSEM) for microscale elemental 
composition, are detecting exact quantity of major and trace elements. These analyses will 
assist in establishing coloring and opacifying agents, as well provenance of glass, and will 
assess the degree of loss of key elements (by weathering) that would render provenance 
parallels as uncertain. In order to estimate a degree of potential error and identify possible 
production workshops, the data will be compared to existing data from other sites, especially 
the second century Villa dei Quintili in the Suburbium of Rome (1), only 13th mile away 
from our site and owned by the same emperor Commodus. The results of the research will 
provide a better understanding of the technological processes involved in glass production in 
the Roman Imperial period. 
[1] E. Basso, C. Invernizzi, M. Malagodi, M. F. La Russa,D. Bersani and P. P. Lottici, “ Characterization of 
colorants and opacifiers in roman glass mosaic tesserae through spectroscopic and spectrometric techniques,”, in 
Journal of Raman Spectroscopy 2014 (45): 238–245.
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C. Calza(1), R.P. Freitas(2), I. Lima(1), A.C. Machado(1), H.S. Rocha(1),
E. M. Zanatta(3), R.T. Lopes(1)
(1) Nuclear Instrumentation Laboratory. PEN/COPPE/UFRJ. PO Box 68509.  21941-972. Rio de Janeiro. RJ. 
Brazil. Corresponding author: ccalza@lin.ufrj.br 
(2) Federal Institute of Rio de Janeiro(IFRJ). Paracambi, RJ. Brazil. 
(3) Imperial Museum. Petrópolis, RJ. Brazil.
The preservation of cultural heritage has acquired increasing interest in the last decades and 
many scientific techniques have been employed to analyze paintings, manuscripts, ceramics, 
glasses, statues, coins and metal artifacts in order to solve problems related to restoration, 
conservation, dating and attribution of artworks. This work reports the analysis of an 
important piece of the Imperial Museum collection - the berline of the Emperor D. Pedro II -
using X-Ray Fluorescence (XRF), Scanning Electron Microscopy with Energy Dispersive 
Spectroscopy (SEM-EDS), X-Ray Diffraction (XRD), Computed Microtomography and 
Radiography, in order to identify the materials employed and provide relevant information to 
assist its restoration process. The berline is a carriage drawn by eight horses, built in 1837 by 
Pearce & Countz Co. - suppliers of the English Royal House - especially for the ceremony of 
consecration and coronation of the Brazilian emperor D. Pedro II. It was used on solemn 
occasions, such as the marriage of his daughters and the opening and closing of the General 
Assembly and soon became a symbol of the monarchy to Brazilian people in the XIX century.
XRF was used to identify the original pigments employed in the paintings - representing the 
Imperial Arms - that decorate the doors and the back part, and also the metal alloys 
composition used in dozens of silvered and golden decoration items. The analysis was carried 
out with a portable system that comprises Amptek 123-SDD detector and Mini-X X-ray tube, 
with W anode, operating at 30 kV and 10 µA. The results revealed the use of various 
pigments (lead white, vermilion, yellow and red ochre, umber, green earth, cobalt blue, etc.); 
gold foils applied in the golden carvings; silver, copper and other metals in the wheels, 
lanterns and friezes. SEM-EDS was performed using a Hitachi TM 3000 with EDS Bruker 
Quantax 70, operating at 15 kV and 60 μA. The results revealed low Z elements and provided
detailed and amplified images of some small pieces, showing a distribution map of the 
elements in the surface of each analyzed sample. XRD was used to complement the XRF 
analysis in order to solve some questions related to the identification of pigments. The 
analysis was performed using a PANalytical Diffractometer, with copper anode, operating at 
40 kV and 30 mA, 2θ scan from 10º to 80º, scan rate of 0.02° s-1. Computed Radiography and 
Microtomography revealed manufacture details of some small and delicate metallic items, 
exhibiting metallic wires and delicate chains, which were used in the decoration of the 
carriage. Radiography was performed using CR 50P Scanner GE, Fuji IP detector, Oxford X-
ray source, with voltage and current adjusted for each different sample. Microtomography 
images were obtained in a Skyscan/Bruker system model 1173, operating at 80 kV, using a
flat panel detector. At about 750 images for each sample were investigated, with 5
frames/projection, 800 ms of exposure time and random movement equal to 20. After the 
acquisition process, the projections were rebuilt using Feldkamp algorithm.
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Ariadna Mendoza Cuevasa, Jorge Fernandez-de-Cossio Dorta-Duqueb
aArchaeometry Laboratory at Havana Historian Office; bCenter for Genetic Engineering and Biotechnology, Havana. 
A portable X-ray diffraction (XRD) and fluorescence (XRF) system, based on energy dispersive detection in reflection geometry, has been 
developed for non-invasive study of cultural heritage materials (1). This analytic system is based on a low-power miniaturized X-ray tube, a 
single detector which allows independent and precise angular position of source and detector. Angle scanning makes possible to work with a 
hybrid X-ray system and can take advantage of both, EDXRD (shorter time and higher energy penetration) and ADXRD (higher inter-planar 
distance (d) resolution). Methods for hybrid and depth profiling data processing are presented. Additional to the EDXRD-XRF spectrum (I vs. E,
directly obtained), a software specially developed extracts ADXRD from angle scanning data and a 3D/2D plot showing the Iso- d curves, build 
a hybrid diffractogram and analyze crystalline phase identification, dealing with corrections due to orientation and positioning of object (cultural 
heritage) irradiated spot. Determination of d peaks and its resolution of standard samples, as well as evaluation of performance in terms of 
experimental parameters in order to optimize angle scanning and measurement time.  
1. Mendoza Cuevas, A., Bernardini, F., Gianoncelli, A. & Tuniz, C. Energy dispersive X-ray diffraction and fluorescence portable system for
cultural heritage applications. X-Ray Spectrom. (2015). doi:10.1002/xrs.2585
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Sagrario Martínez-Ramírez(1), Diego A. Moreno(2), Ana M. García(2), Juan 
Carlos Aguilar(3) and Hipólito Collado(3)
(1) Instituto de Estructura de la Materia (IEM-CSIC), c/ Serrano 121, 28006 Madrid, Spain 
(2) Escuela Técnica Superior de Ingenieros Industriales, Universidad Politécnica de Madrid (ETSII-UPM), c/ 
José Gutiérrez Abascal 2, 28006 Madrid, Spain 
(3) Grupo de Investigación CUPARQ, DG Patrimonio Cultural, Gobierno de Extremadura, Avda. Valhondo s/n, 
Edificio III Milenio, Módulo 4, Planta 2, 06800 Mérida (Badajoz), Spain 
Maltravieso Cave (Cáceres, Spain) has an important Early Paleolithic Rock Art including an 
interesting group of handprints. The typology, distribution, techniques and chronological 
context of the handprints has been studied previously [1]. In this paper we are going to use a
non-destructive technique to analyze the mineralogical composition of the base rock and the 
paintings.
When cave paintings must be analyzed, non-destructive portable instruments are the best 
option since avoid any contact with the artifacts and thereby prevent any damage. The 
portable Micro-Raman spectrometer (DeltaNu®) used was an Inspector Raman Delta Nu 
Raman analyzer that was fitted with a 785 nm diode laser whose maximum output power at 
the source was 120 mW and a thermoelectrically cooled charge-coupled detector with a range 
of 200–2000 cm-1.The integration time for recording the spectra was 10 seconds at a
resolution of 8 cm-1. In order to increase signal/noise ratio 20 spectra were recorded.
Dolomite (CaMg(CO3)2) is the main composition of the walls of the cave. The rock also has 
some veins of α-hematite (α-Fe2O3) (Figure 1). 
Figure 1.- Raman spectra of the rock 
vein. H = α-hematite (α-Fe2O3);
* signal from the rock wall
The identification of the composition of the handprint is rather difficult since all of them are 
cover with a layer of calcium carbonate (CaCO3). However in some points of the red pigment 
hematite signals have been identified. 
[1] H. Collado Giraldo, J.J. García Arranz, IPFRAO 2013 Proceedings, American Indian Rock Art 40, 2013, 
383-440
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
Maria Luisa Saladino(1,2), Stefano Ridolfi(3), Ilaria Carocci(3), Gabriella Chirco, 
Stefania Caramanna, Eugenio Caponetti(1,2)
(1) STEBICEF Department, University of Palermo, Viale delle Scienze pad.17, Palermo I-90128, Italy.
(2)Arsmensurae, Via Comparini 101, 00188,  Rome, Italy. 
(3) Centro Grandi Apparecchiature- UniNetLab, University of Palermo, Via F. Marini 14, I-90128 Palermo, 
Italy. 
e-mail marialuisa.saladino@unipa.it 
Four painted slabs, called “Tavolette fuori posto” (Slabs out of place), of Galleria 
Interdisciplinare Regionale della Sicilia - Palazzo Abatellis (Palermo, Italy) presumably 
belonging to the decoration of the wooden ceiling of the Main Hall of the Palazzo 
Chiaromonte, said Steri[1], Palermo, were in-situ investigated by means of portable
equipment. 
Erratic and not replaceable fragments were also analyzed by means of spectroscopic and 
microscopic techniques and a microsampling was carried out in some areas near to deficiency 
for completeness of knowledge. 
The non-invasive and multi-techniques investigation has been carried out to understand the 
method of execution of the “Tavolette”. Pigments and binders were identified and their state 
of conservation was investigated. Trace of previous restoration has been identified. The 
results have been used as a support for the historical research and for a restoration work
recently completed. 
Figure. In situ X-ray Fluorescence. 
[1] E. Gabrici, E. Levi, (a cura di), Lo Steri di Palermo e le sue pitture, Bassetti e Tumminelli Editore, Milano-
Roma 1933. 
We are profoundly indebted with Dr. G. Barbera and to Dr. E De Castro of the Galleria 
Interdisciplinare Regionale della Sicilia - Palazzo Abatellis (Palermo, Italy), who granted the 
access and the measurements on the artwork.
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Giovanni Cavallo(1, 2), Federica Gonzato(3), Marco Peresani(4), Maria Pia 
Riccardi(1) and Roberto Zorzin(5)
(1) Dept. of Earth and Environmental Sciences, University of Pavia (Italy)
(2) Institute of Materials and Construction, University Applied Sciences and Arts, Canobbio (Switzerland)
(3) Soprintendenza of Archaeological Heritage, Unit of Verona (Italy)
(4) Dept. of Humanities, University of Ferrara (Italy)
(5) Civic Museum of Natural History, Verona (Italy)
Fumane Cave is a key site in Mediterranean Europe for the study of the first Anatomically 
Modern Humans, bearers of the Protoaurignacian culture and its associated archaeological 
record of symbolically mediated behaviour like art, ornaments and pigments. This cave lies in 
the Lessini Mounts, the Veneto Pre-Alps, is currently in course of excavation by the 
University of Ferrara and has produced portable art, ornamental objects on bone and marine 
shells, and abundant red ochre in the Protoaurignacian layers [1]. Previously subjected to 
preliminary investigations, these mineral pigments are now the focus of a large study aimed to 
characterize their composition, identify their sources and reconstruct processes of preparation.
Ochre fragments were selected and analysed in order to highlight the mineralogical and 
chemical composition, textural and microstructural features useful for their characterization 
and for the ongoing provenance research. Powder XRD was carried out on a small quantity of 
each ochre fragment; the remaining part of each sample was embedded in resin and cross 
sections were prepared for SEM/EDS analysis.
Results were very encouraging and promising as allowed fragments to be classified in diverse 
groups and compared with possible geological sources in a radius of about 20 Km from the 
archaeological site. The colour of the majority of the about 20 ochre samples is red and
composed of dolomite (dolostones) surrounded by an irregular hematite rich thin layer.
Because of the heterogeneity of the samples, the chemical composition was determined both 
on the core and on the coloured superficial layer; values are the average of the chemical 
composition determined on 10 areas 0.5 mm2 large. Textural analysis allowed to understand if 
hematite was anthropogenic (intentional application) or connected with the diagenesis of the 
cave sediments; both the situations were recognized. Two samples exhibiting the same 
textural features (the former yellow in colour composed mainly by goethite and the latter by
hematite) have fragments of bones composed of apatite and micro-crystals of euhedral K-
Feldpars as confirmed comparing mineralogical and geochemical data. According to [2], the 
mix of ochre with bone fragments and other organic ingredients was a common practice
during Prehistory. 
Finally, the mineral assemblages of the samples from Fumane archaeological site were 
compared with those from the potential geological sourcing areas [3] allowing the 
procurement areas to be inferred.
Key-words: archaeological ochre, Fumane cave, Lessini Mounts, Protoaurignacian
[1] Broglio A., De Stefani M., Gurioli F, Pallecchi P., Giachi G., Higham T., Brock F. L’Anthropologie, 113 
2009:753-761.
[2] Henshilwood C. H., d’Errico F., van Niekerk K. L., Coquinot Y., Jacobs Z., Lauritzen S., Menu M., Garcia-
Moreno R. Science, 334, 2011:219-222.
[3] Cavallo G., Riccardi M. P., Zorzin R. Powder Diffraction. Accepted manuscript. 
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Decolourizaton of fungal stains on cotton: influence on 
properties 
Katja Kavkler(1), Polona Zalar(2), Črtomir Tavzes(1) and Petra Bešlagić(1) 
(1) Institute for the Protection of Cultural Heritage of Slovenia, Conservation Centre, Poljanska 40, Ljubljana, 
Slovenia 
 (2) University of Ljubljana, Biotechnical faculty, Department of biology, Veþna pot 111, Ljubljana, Slovenia 
Historical and ancient textiles are among the most susceptible materials to fungal 
contamination and deterioration. Fungi can influence aesthetical values of cultural heritage 
objects, as well as their structures. Fungal action can be inactivated in several ways (e.g. 
autoclaving or gamma irradiation [1]), however fungal hyphae usually cannot be removed 
from the objects and remain on the surface, spoiling their appearance further on. We applied 
oxidative biomimetic system (Cu-py-H2O2) to bleach fungal stains, containing melanin, on 
test samples, and evaluated its efficiency its influence on fabric structure and properties. 
To evaluate the efficiency and the influence of the system on fabric, we used several methods: 
spectrophotometry, scanning electron microscopy, tensile tests as well as spectrometric 
techniques, i.e. non- destructive as well as micro-destructive methods, which can be applied 
on real cultural heritage objects. Test samples were bleached 1, 2 3, 4 and 5 days, 
respectively, to select the most appropriate time span. Regarding their CIE L*a*b values, 3 
days bleaching was selected as the most appropriate.  
FTIR and Raman spectroscopies were used to determine the structure of the cellulose, 
indicating the depolymerization, and changes in crystallinity. This had influence on the 
mechanical properties, decreasing tenacity as well as specific strength of the fabric. Decreased 
mechanical strength was observed using scanning electron microscopy as increased number 
of cracks and peeling of the cuticle (Figure 1).  
Figure 1: Damage on the fibres after 5 days of bleaching. 
The Cu-py-H2O2 treatment procedure looks very promising for the removal of fungal melanin 
from cellulosic textiles in terms of its efficacy. However, it needs to be optimized to prevent 
too strong influence to textile samples. Further improvement in application methods could be 
the most important step in further research. 
[1] K. Kavkler, N. Gunde-Cimerman, P. Zalar, A. Demšar, Polymer degradation and stability, 2015, accepted for 
publication.
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Chemical composition of the fragment of Islamic enamel glass vessel 13th centuries.
Rezida Khramchenkova1,2, Airat Gubaidullin2, Ilvina Safina1,3, Eigeny Nuzdin1,3
1Kazan (Volga region) Federal University, Russia 
2Institute of Archaeology of Tatarstan Academy of Science, Russia
3Kazan National Research Technical University, Russia 
Volga Bulgaria was the most advanced and powerful state in the Volga region in 7-13th
centuries. The city was the capital of the Bulgarians of Volga Bulgaria in the 10-11 centuries and
after the Mongol invasion it became the center of the Bulgarian Ulus as a part of the Golden 
Horde. He was also one of the largest shopping centers in Eastern Europe. Archaeological 
research of the territory of Bolgar settlement began in the late 19th century. Archaeological
excavations have large-scale character since 2011 due to the support of the "Renaissance" fund
of the Republic of Tatarstan. Every year, researchers obtain a lot of archaeological materials that 
prove extensive trade relations of the city.
In the present paper we study the fragment of glass vessel with enamel painting. Figure has four
colors - red, blue, white and gold. This artifact was found in the fourth layer of the excavation
CLXXII Bolgar settlement. This place is located in the aristocratic district of the ancient city.
The find dates back to 13-14 centuries. Analogue of the vessel are three glasses from the 
collection of Nasser Khalili. This glass service dates from the 13th century. The exact territorial
origin of vessels is not established. It is known that enamel decoration technique of glass vessels
was developed in Syria and Egypt.
The chemical composition of the glass was determined by emission spectral analysis with a 
diffraction spectrograph DFS-458. The analysis showed that the glass produced on sodium-
calcium basis. Comparison of results with database of Brill was conducted. It showed that two
glass fragments from the Monastery of St. Catherine, located on the mountain Sinai in Egypt
have similar composition.
Enamel pattern was analyzed by electron microscopy and microprobe X-ray analysis. Analyses 
were carried out on a scanning electron microscope EVO LS 10 with energy dispersive 
spectrometry INCA X-MAX. Сoloring agents were determined as a result of researches. It is 
interesting that old masters used unusual coloring of red and blue. Red colorant is a compound of 
iron, lead and tin. Increased content of aluminum is observed in blue enamel. This indicates that 
the colorant contains the kaolin.
The study of fragments from the excavation of Bolgar settlement has made it possible to 
determine the precise dating and the origin of the findings and also recipes of glass and enamel.
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Image processing of the pozzolanic reactions in the Roman 
mortars via X-Ray Map Analyser 
Belfiore C.M.(1), Fichera G.V.(2), Ortolano G.(1), Pezzino A.(1) and Zappalà, L. (1) 
(1) Dipartimento di Scienze Biologiche, Geologiche e Ambientali - University of Catania 
 (2) Laboratorio Arvedi di analisi diagnostiche non invasive - Università degli studi di Pavia, Museo del Violino, 
Cremona. 
A new semi-automated image processing procedure has been here used to compute in 
relatively few minutes the element distribution between and within recognised phases within a 
selection of Roman mortar thin-section samples. This new tool package, based on the semi-
automated combined use of the Principal Component Analysis (PCA) and of the supervised 
Maximum Likelihood Classification (MLC) of X-ray maps, is largely centred on functions 
implemented in ArcGis®. These functions are able to highlight for instance, the local reaction 
phenomena responsible for the compositional variability within the same phase. 
One micro-domain from each selected sample of the four investigated archaeological Roman 
mortars, whose hydraulic properties were reached by mixing an aerial lime with a pozzolanic 
aggregate from the Alban Hills, have been acquired with a SEM-EDS device at 1024*800 
pixel resolution. Attention has been here focused on the cementitious matrix in order to assess 
the distribution of hydraulic phases in the investigated domains. Starting from BSE image 
(Fig.1a) and EDS X-ray maps, the procedure included two different cycles of analysis: the 
first processed the entire selected domain in order to classify all the recognisable components 
(cementitious matrix, aggregate and pores - Fig.1b); the second allowed to investigate in more 
detail the element distribution within the cementitious matrix to put into evidence the effect of 
the differential hydraulic reactions that develop between pozzolanic aggregate and hydrated 
lime (Fig.1c). 
The reported example highlights as the underburned binder-related particle (in the centre) is 
surrounded by numerous differently sized pozzolanic fragments, along with leucite and 
clinopyroxene crystals and, in the upper-right part of the figure, a large volcanic rock 
fragment with microcrystalline to intersertal groundmass (Fig.1a). The second analytical stage 
evidenced complex element distribution within the cementitious matrix, allowing to identify 
the presence of four different hydraulic phases heterogeneously distributed as a function of 
the textural and compositional features of the single micro-domain (Fig. 1c). 
Obtained results highlights as the used tool package proved to be powerful in the study of 
pozzolanic mortars since in a few minutes it provides a simple visualization of the newly 
formed phases and their distribution within a restricted but compositionally complex system. 
 
Fig. 1 - (a) BSE image of a selected micro-domain within a Roman mortar; (b) and (c) results of the first and 
second analytical cycles, respectively. 
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 (2) CGA-UniNetLab Università di Palermo Via F. Marini, 14, 90128 Palermo (Italy) 
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(4) Giordano S.r.l,.Via Filippone. 4 - 90138 Palermo (Italy) 
(5) Soprintendenza BB.CC.AA. di Siracusa, Piazza Duomo, 14, 96100 – Siracusa (Italy) 
The purpose of this work is the development of a treatment for simultaneous de-acidification 
and reduction of ancient paper samples from a 16th century printed volume containing the four
Gospels in Arabic and Latin.  
The state of conservation was studied by using non-invasive and micro-invasive techniques 
such as pH monitoring, colorimetry, Raman, NMR and FT-IR spectroscopy. The paper is 
yellowish and shows an oxidative and acid degradation. 
It has been proposed an innovative treatment which consists in the immersion of the paper in 
an isopropanol solution of Terzbutylammineborane (TBAB) and calcium hydroxide 
nanoparticles NANORESTORE1. It has been shown2 that the TBAB is a suitable reduction
agent for ancient paper samples and also carries a mild de-acidifying action for the formation 
of ammonium carboxylates.  
Various techniques have been used to determine the efficiency of the treatment. The paper 
samples were observed regularly in time in order to obtain an evaluation of the long-term 
effects. 
The isopropanol solution of TBAB and calcium hydroxide nanoparticles showed to be 
suitable for the treatment of the book under investigation. The treatment has provided fairly 
good results and from the comparison with the literature method it was found that it provides 
better results with regards to the reduction of oxidized products. 
[1] R. Giorgi, L. Dei, M. Ceccato, C. Schettino, P. Baglioni. Nanotechnologies for conservation of cultural 
heritage: paper and canvas deacidification. Langmuir, (18), (2002), 8198 – 8203. 
[2] M. Bicchieri, P. Brusa,  Restaurator, (18), (1997), 1-11.
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The present research describes the preliminary results of a multi-analytical study concerning 
the alteration of an artwork by Nunzio Di Stefano. The artwork, belonging to a private 
collector, consists in a series of seven carved lead panels mounted on a wood framework 
(210x350cm). The panels, 0.3 cm in thickness, were covered with Paraloid B72 by the artist 
himself. The artwork, acquired in 2001 and kept in a properly conditioned meeting-room, 
shows an evident and non-homogeneous variation in gloss together with the formation of 
some dusty white areas. A preliminary investigation by external reflection infrared 
spectroscopy (ER-FTIR) showed, beside Paraloid B72 signals, the presence of carboxylate 
functional groups together with those due to basic lead carbonate. That being so, a micro-
sampling campaign was performed to study in detail the nature of the alteration and to 
describe the alteration processes. Infrared microscopy confirms the presence of carboxylate 
groups in all the investigated areas, while lead carbonate is present only on several spots. The 
so obtained results will be then compared with those collected on mock-up samples subjected 
to accelerated aging tests. These tests, performed in different condition (UV, RH%, pH) and 
even now in progress, will allow a detailed description of the alteration phenomena and, 
eventually, to propose a deterioration mechanism. All the samples are investigated by means 
of micro-FTIR, SEM-EDS and FT-NMR. The spectroscopic and morphological investigations 
will describe the interactions among all the materials used in the artwork, LH polymer, lead 
and wood. In particular, FT-NMR, through the detection of deterioration product resulting 
from artificial weathering, will explain the molecular processes involved in the aging [1]. 
Moreover, the use of both ER-FTIR and micro-FTIR allow to a comparison between micro 
invasive and non-invasive techniques, allowing the validation of this technique as tool to 
monitoring the conservation state of contemporary artwork. 
 
[1] M. Favaro, R. Mendichi, F. Ossola, S. Simon, P. Tomasin, P.A. Vigato, Polymer Degradation and Stability, 
92, 2007, pp. 335-351. 
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H.C. Santos1, S. Bernardes1, M.A.Rizzutto1, J.F. Curado1, P.H.O.V. Campos1, E.A.M.
Kajiya1, V. Mendonça2, T. Russo2 
1Instituto de Física – Universidade de São Paulo – São Paulo, SP, Brazil
2Pinacoteca do Estado de São Paulo, São Paulo, SP, Brazil
In this work we analysed three different paintings by Antonio Parreiras's (1860-1937): 
Marinha, 1902, an oil on canvas of 33x46cm; Marinha, 1911, an oil on canvas of 41x52cm; 
and Menino, 1911, an oil on canvas over wood of 23.2x14.8cm belonging to the Pinacoteca 
of São Paulo collection. The objectives of these analyzes are documenting the artist's
palette in its different phases of paintings, provide information to help in processes of
restoration, as well as form a database on this Brazilian artist. The research team involved 
physicists and restorers. The portable X-ray fluorescence system employed consisted of a 
mini X-ray tube with a silver anode (used for excitation the pigments) and a Silicon Drift 
Detector (SDD) with 125 eV FWHM for the 5.9 keV Mn line, used to obtain the energy 
spectra. The measurements were carried out with 30 kV voltage applied on the tube, 5PA of 
tube current and an excitation/detection time of 100 s. The paintings were measured “in 
situ” at the Conservation Laboratory of the Pinacoteca and the obtained spectra were 
analyzed with QXAS-AXIL software by IAEA (International Atomic Energy Agency). The 
EDXRF system can provide relevant information about the palette of the artist and the 
complementary image analysis with infrared reflectography can help to understand the 
artist creative process. The portable EDXRF system allow the identification of the
elements present in the pigments used by the artist in different colours such as white, black, 
brown, red and blue which is a combination of different elements such as S, P, Ca, Cr, Fe,
Co, Ni, Cu, Zn, Hg, Pb, Ba, Sr and Sb. Those elements help the identification of the 
pigments used by the artist in the painting and these information can help the restorers to a 
better restoration and conservation of these paintings.
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Alberto Spinella(1), Stella Bastone(2), Francesco Armetta(1), Donatella Capitani(3),
Eugenio Caponetti(1,2),
(1) CGA-UniNetLab Università di Palermo Via F. Marini, 14, 90128 Palermo (Italy) 
(2) Dip. STEBICEF Università di Palermo, Viale delle Scienze ed 17 90128 Palermo (Italy) 
(3) Istituto di Metodologie Chimiche, CNR, via Salaria km. 29,300, 00016 Monterotondo Stazione (Roma) Italy 
In this work solid state NMR spectroscopy was applied to characterize the wooden part of a 
roman Rostrum found in the sea of Acqualadrone (ME). A sample collected by coring was 
divided in four parts in order to correlate the structural and dynamic features of the wood to 
the depth. 
In a previous paper some of the authors used 13C {1H} Cross Polarization Magic Angle
Spinning NMR to identify the wood components [1]. 
Frequency Switched Lee Goldburg 1H - 13C Hetero-Nuclear Correlation (FSLG-HETCOR)
experiments [2] were performed to detect dipolar interactions between the olocellulose and 
lignin that is the olocellulose/lignin complex. Furthermore two dimensional H-H experiments 
using the back to back (BaBa) pulse sequence [3] for the DQ excitation under fast MAS 
conditions were recorded to get more information about local dipolar couplings. Two 
examples of spectra obtained through these techniques are reported in the figure below 
The NMR results showed that at least in the deepest parts of the sample there are still 
interactions, due to hydrogen bonds, between the olocellulose and the lignin thus confirming 
the good state of conservation of the wood. 
It is worth noticing that all the structural determinations described above were performed with 
no modification of the samples such as solvent extraction or other chemical treatment. 
[1] F. Caruso, E. Caponetti, M.L. Saladino, A. Spinella, C. Di Stefano, P. Tisseyre, S. Tusa, Archeometry 53 (3), 
(2011), 547-562.  
[2] B.J. van Rossum, H. Foerster, H.J.M. de Groot, JMR 124 (2003) 516-519
[3] M. Feike, D.E. Demco, R. Graf, J. Gottwald, S. Hafner, H.W. Spiess JMR A 122, (1996), 214-221
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Fioretti Giovanna(1), Acquafredda Pasquale(1), Andriani Gioacchino Francesco(1)
(1) Università degli Studi di Bari Aldo Moro, Piazza Umberto I, 70121 Bari 
In the Apulian region (Southern Italy), the geological context promotes the quarrying 
activities and the extensive use of several decorative and building stones. Among these, the 
Carovigno stone is considered noteworthy, by virtue of its easy workability, suitable physical 
properties and pleasant aesthetical appeal. The source area is located in Contrada Centopezze
in the Carovigno (BR) district, on the Adriatic side of the Murge plateau, in the Southeast 
sector of the Apulian region. In particular, the stone belongs to the Calcare di Caranna 
formation (late Campanian? – Maastrichtian) [1]. Although the origins of the historical use of 
the Carovigno stone are unspecified, it was recognized in some important monuments and 
religious buildings of the region, as construction material and also as replacement material 
during restoration of last centuries.
The aims of this paper are, firstly, to illustrate the mineralogical and petro-physical 
peculiarities of the Carovigno stone and, secondly, to understand its deterioration processes 
commonly occurring when the stone is employed as exposed building material. For both 
purposes, X-ray microanalysis investigations were conducted on fresh specimens and on 
artificially aged samples. Therefore, in order to simulate decay phenomena, the Carovigno 
stone samples were processed to three different ageing tests: cycles of thermal treatments at 
different temperatures (from 200 to 600°C) [2]; cycles of immersion in Na2SO4•10H2O and 
NaCl saline solutions, followed by drying in furnace [3]; acid exposure in H2SO4 solution [4]. 
Before and after every accelerated ageing test, preliminary observation was conducted in 
order to evaluate all macroscopic changes; a deeper research, in terms of mineralogical 
composition and fabric adjustment, was carried out by means of X-Ray Diffraction (XRD), 
X-Ray Fluorescence spectrometry (XRF) and Scanning Electron Microscopy with X-Ray 
microanalysis (SEM-EDS); petrographic observations in thin sections were performed also 
through optical microscope (OM).
The results suggest that the Carovigno stone could be considered an excellent construction 
and decoration material according to its satisfying chromatic stability and good physical 
properties, in particular the resistance to high temperatures and to marine spray action. These 
aspects validate the intense historic use in several churches and monuments in the region.  
[1] E. Luperto Sinni, J. Borgomano, Riv Ital Paleontol Stratigr, 95(2), 1989, 95-136 
[2] H. Yavuz, S. Demirdag, S. Caran, Int J Rock Mech Min 47, 2010, 94-103 
[3] UNI-EN 12370:2001 
[4] L. Tacer, Water A S P, 114 (1-2), 1999, 1-12 
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F. Rosi(1), F. Gabrieli(1), L. Cartechini(1), L. Vaccari2 and C. Miliani(1)
(1) Istituto di Scienze e Tecnologie Molecolari (CNR-ISTM), via Elce di Sotto 8, I-06123 Perugia (Italy) 
 (2) Elettra – Sincrotrone Trieste, SISSI beamline, S.S: 14 Km 163.5, 34149 Basovizza, Trieste (Italy) 
Chemical information on painting micro-structure reveals an artist’s modus operandi, 
highlighting the process of creation starting from the selection of the ground, priming, and the 
succession of coloured layers till the final surface varnish. The stratigraphic study is also 
fundamental for evaluating the distribution of alteration or transformation phenomena inside 
the painting structure. Up today, the study of micro samples embedded in cross section 
remains the most common way of investigating the painting micro-structure. 
Among the various analytical methods currently available for analysis of painting cross-
sections, micro-infrared spectroscopy enables the identification and characterization of most 
of the inorganic and organic constituting materials [1-4]. Attenuated Total Reflection-ATR is 
the most widespread mode of acquisition although it requires the contact between the ATR 
crystal and the sample; rarely, transmission and reflection modes are employed for cultural 
heritage materials due to difficulties in manipulation of unique tiny micro-samples and in 
spectral interpretation, respectively.
Objective of this research is to propose a new micro-infrared spectroscopic approach based on 
the collection of spectra acquired through a transmission-reflection-transmission radiation 
pathway from samples prepared as thin sections deposited on a highly reflective metal 
surface. The thickness of the section is chosen to allow the IR radiation transmission through 
the sample reaching the reflective mirror like surface which, on turn, enables the second 
passage through the sample. This generates intense absorption-like profiles (owing to the 
double optical path) with possible distortions (due to reflection phenomena as well as a not 
perfect adhesion of the thin section onto the reflective surface). 
Firstly, the method has been evaluated on laboratory models based on a highly absorbing 
infrared material as BaSO4 painted with siccative oil for testing the IR transparency of the thin 
section as a function of the thickness. As a second step, comparative measurements in total 
reflection and transmission modes with conventional as well as synchrotron sources have 
been performed discussing pro and cons of the transflection mode. 
Finally the developed analytical approach has been applied to collect FTIR chemical images 
from the stratigraphy of painting fragments. 
[1]S. Prati, F. Rosi, G. Sciutto, R. Mazzeo, D. Magrini, S. Sotiropoulou, M. Van Bos,  Microchemical Journal 
103, 2012, 79. 
[2] I. Kopecká, E. Svobodová, Heritage Science 2, 2014, 22. 
[3] E. Pouyet, A.Lluveras-Tenorio, A. Nevin, D. Saviello, F.Sette, M. Cotte, Analytica Chimica Acta 822, 2014, 
51. 
[4] F. Rosi, A. Federici, B. G. Brunetti, A. Sgamellotti, .S. Clementi, C. Miliani, Analytical and Bioanalytical 
Chemistry 399, 2011, 3133. 
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Evaluation of a FTIR data pretreatment method for PCA 
applied to archaeological ceramics 
Laura Medeghini(1), Silvano Mignardi(1), Caterina De Vito(1) and Aida Maria 
Conte(2)
(1) Department of Earth Sciences, Sapienza University of Rome, P.le Aldo Moro 5, 00185 Rome, Italy. 
(2) CNR – IGG – UOS  Roma, c/o Department of Earth Sciences, Sapienza University of Rome, P.le Aldo 
Moro 5, 00185 Rome, Italy. 
The aim of this work is to explore the potential application of Infrared spectroscopy and 
chemometric analysis as a tool to differentiate archaeological ceramics. We propose here a 
new spectral FTIR data pretreatment method for Principal Component Analysis (PCA).
Indeed, the selection of a proper algorithm and its application could play an important role in 
minimizing the manipulation of data. The pretreatment method here proposed considers the 
data in the spectral region between 400 and 1600 cm-1 since this range takes into account the
contribution of the fingerprint of inorganic compounds, below 1000 cm-1, and the carbonate
absorption band at about 1400 cm-1. The normalization between 0 and 1 of FTIR data has
been followed by the calculation of the second derivative. Indeed, mathematical treatments 
baseline correction [1-3] results to be affected by excessive modification due to the operator 
which can influence and modify the PCA results. For this reason, the second derivative of the 
spectra was considered to be the best choice as it involves a correction in the baseline and an 
increase of the small differences among the spectra, such as minor shoulders and peaks [4].
Finally, in order to minimize the manipulation of experimental data and to reduce the 
influence on PCA results, the proposed method does not include the smoothing of data unlike 
in previous papers [1-2].
The proposed procedure has been applied to pottery samples: (1) simple and storage ware 
from Khirbet al-Batrawy (Jordan), III millennium B.C.; (2) black gloss ware from the 
Phoenician-Punic site of Motya (Trapani, Italy), VI-IV century B.C.; (3) glazed ceramics 
from the Palatine Hill (Rome, Italy), III-VI century A.D.  
The results of the test suggest that the method to process statistical data can be applied in the 
study of archaeological ceramic materials to discriminate between different ceramic 
productions. Moreover, a series of elaborations with PCA step by step are proposed in order 
to reduce the number of variables (from more than 1100 to about 200). This allowed to
identify the discriminating vibrational bands, thus giving the possibility to explain the 
separation among samples on the basis of their mineralogical composition.
[1] G.E. De Benedetto, B. Fabbri, S. Gualtieri, L. Sabbatini, P.G. Zambonin, Journal of Cultural Heritage, 6, 
2005, 205-211.
[2] P. Nel, C. Loneti, D. Lau, K. Tam, A. Sagona, R.S. Sloggett, Vibrational Spectroscopy, 53, 2010, 64-70.
[3] A. Sarmiento, M. Pérez-Alonso, M. Olivares, K. Castro, I. Martínez-Arkarazo, L.A. Fernández, J.M. 
Madariaga, Analytical and Bioanalytical Chemistry, 399, 2011, 3601-3611. 
[4] L. Medeghini, S. Mignardi, C. De Vito, D. Bersani, P.P. Lottici, M. Turetta, M. Sala, L. Nigro, Analytical 
Methods, 5, 2013, 6622-6630. 
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Paola Ricciardi(1), Stijn Legrand(2), Giulia Bertolotti(1) and Koen Janssens(2)
(1) Department of Manuscripts and Printed Books, The Fitzwilliam Museum, Trumpington Street, Cambridge 
CB2 1RB, UK 
 (2) AXES Research Group, Department of Chemistry, University of Antwerp, Groenenborgerlaan 171, B-2020 
Antwerp, Belgium 
Macro X-ray fluorescence scanning analysis (MA-XRF) is rapidly becoming an established 
technique for the non-invasive analytical investigation of painted surfaces. As is the case for 
many such methods, MA-XRF has initially been used mainly to analyze easel paintings [1, 2], 
but recent applications [3] have started to showcase its great potential for the study of 
manuscript illuminations, which is often limited by the need for non-invasive analytical tools. 
This paper will discuss some of the insights into the materials and techniques used by 
Renaissance illuminators allowed by MA-XRF analysis of a few manuscript fragments from 
the collections of the Fitzwilliam Museum in Cambridge (UK). It will also examine specific 
challenges, both of practical nature – such as set-up and the possible presence of backing 
material – and regarding the interpretation of the resulting elemental maps. MA-XRF data 
will be evaluated and compared with the results of other imaging and spectroscopic 
techniques to highlight the complementarity of these methods and the advantages of mapping 
versus site-specific analyses. 
[1] M. Alfeld et al., Journal of Analytical and Atomic Spectroscopy 28, 2013, 760. 
[2] K. A. Dooley et al., Angewandte Chemie Int. Ed. 53(50), 2014, 13775. 
[3] N. Turner et al., ‘Inside Illuminations’ Conference Proceedings, forthcoming. 
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Physical properties of cellulose fibers in ancient paper: 
towards novel diagnostic tools 
F. Valle (1), L. Teodonio (2,3), J. Lojewska (4), and M. Missori (2)*
 (1) Istituto per lo Studio dei Materiali Nanostrutturati, CNR, Bologna, Italy 
 (2)Istituto dei Sistemi Complessi, CNR, Monterotondo Scalo (Rome), Italy 
 (3)ETSF, Dipartimento di Fisica, Università di Roma Tor Vergata, Rome, Italy 
 (4)Faculty of Chemistry, Jagiellonian University, Krakow, Poland 
Paper was invented in China in the 2nd century A.D. and its technology spread to the Western 
World in the Middle Ages. As a consequence a huge number of cultural resources based on 
paper have been accumulated in archives and museums, all over the world [1]. Paper is in turn 
mostly constituted of cellulose fibers aggregates in a random network. Each fiber is 
constituted by polymers aggregate into highly ordered structural entities through an extended 
network of hydrogen bonds. This supramolecular architecture can be deeply modified by 
physico-chemical aging processes which are consequences of two main degradation 
pathways: acidic or basic hydrolysis and oxidation that, respectively, lead to the paper 
yellowing and embrittlement on aging [2]. 
In this presentation we will illustrate a combination of non-destructive morphological and 
nano-mechanical measurements that will allow monitoring the evolution of paper 
degradation. We illustrate results on surface topography of cellulose fibers measured at 
different length scales by optical profilometry and atomic force microscopy (AFM) in aged 
paper samples. These results are compared to nano-mechanical properties obtained by AFM. 
Thus, we are able to correlate aging processes to the evolution of paper and cellulose fibers 
surface properties obtaining information important for cultural heritage preservation and for 
technological processes characterization. 
[1] A. Mosca Conte, O. Pulci, M.C. Misiti, J. Lojewska, L. Teodonio, C. Violante, and M. Missori Applied 
Physics Letters 104, pp. 224101-224101-4 (2014). 
[2] C. Corsaro , D. Mallamace, J. Lojewska, F. Mallamace, L. Pietronero & M. Missori  Scientific Reports 3, 
2896 DOI: 10.1038/srep02896 (2013). 
[3] M. De Spirito, M. Missori, M. Papi, G. Maulucci, J. Teixeira, C. Castellano, and G. Arcovito  Phys. Rev. E 
77, 041801-10 (2008). 
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A.Cosentino(1), M.Gil(2), S. Stout(3), R. Di Mauro(4), L.Dias(2), A.Cardoso(2), J. 
Mirão(2), A.Candeias(2)
(1) Cultural Heritage Science Open Source, Piazza Cantarella,11 Aci Sant’Antonio, 95025, Italy 
 (2) Hercules laboratory, Évora University, Largo do Vimioso 8, 7000-809 Évora, Portugal 
(3) CISA3, University of California San Diego, 9500 Gilman Drive, La Jolla, CA, USA 
(4) Professional architect (freelancer), via nuova del convento 16, Piedimonte Etneo, Italy 
A cycle of 18th century mural paintings, attributed to a pupil of Pietro Paolo Vasta, one of the 
most important mural painters in Sicily, was discovered in 2012 during maintenance works in 
the Crucifix Chapel of the Mother Church in Aci Sant’Antonio. The paintings have survived 
along the corners of the originally square chapel that was altered in the early 20th century, 
acquiring the current octagonal-shaped construction. All of the murals except the scenes on 
the corners have been destroyed and irremediably lost. After the discovery, openings were cut 
into the 20th century walls facing the corners, and visitors can now appreciate the remaining 
paintings. 
The murals were in need of immediate diagnostic documentation and conservation 
assessment, and thanks to international academic collaborations, the bulk of this has been 
achieved in order to inform the planning and elaboration of the conservation project. The 
mural paintings were first documented with technical photography (visible, raking light, 
infrared, ultraviolet fluorescence and infrared false color). Then analytical examination was 
performed both on-site (with pXRF) and on paint fragments collected from the floor near the 
murals. The analytical setup comprised optical microscopy, electronic microscopy with x-ray 
spectrometry (SEM-EDS) and µFT-IR. The comprehensive study provided information on the 
plaster, the painting materials, and the techniques that were used. Among the most relevant 
features documented were: the lack of giornate (only pontate are clearly seen) and the fact that 
a mixed fresco and secco technique had been used. This is confirmed by the analytical data 
which show traces of proteins and oil binders, as well as, retouches applied with pigments not 
compatible with the true fresco alkaline environment.
Crucifix Chapel, Aci Sant’Antonio (Sicily). The newly discovered 18th century fresco cycle. 
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(2) BAM, Federal Institute for Materials Research and Testing, Division 4.5, 
Unter den Eichen 44-46, 12203 Berlin, Germany 
(3) Centre for the Study of Manuscript Cultures, Warburgstraße 26, 
20354 Hamburg, Germany 


One of the most important collections of manuscripts and wall paintings from sites of the Silk 
Road are deposited in Berlin. The colorful fragments represent a broad spectrum of scripts, 
languages, and painting styles depending on the region of origin and purpose of manufacture. 
The various styles are evidence for the multilayered cultural influences in the oasis sites along 
the well-established trade roads between China and the Mediterranean.  
Conducted on site using non-destructive methods, analysis of the material preferred for 
writing and painting encompasses visible spectroscopy (®SpectroEye) for the primary 
characterization of inks and pigments, mobile X-ray fluorescence spectroscopy 
(®ARTAX/®TRACERIII SD) for elemental analysis, and FTIR- (®4100 EXOScan) to 
determine chemical compositions.  
Most of the manuscripts were written with black carbon ink containing different trace 
elements depending on the preparation. Only a few brown inks were identified. Characteristic 
for red inks made of cinnabar (HgS) are mixtures with a lead compound. This painting 
material was also detected as wall paint beside other red colorants such as red lead or red 
ochre. Illuminated manuscripts show blue colors similar to those on walls, arbitrarily also 
applied for writing. In contrast, most of the green colors of wall paint are different from those 
used for illuminations. There are sophisticated techniques concerning gold on manuscripts 
and yellow orpiment (As2S3), which is detected as colorless arsenic compound on murals. 
In this contribution, we discuss to what extend the differentiation of the material offers the 
possibility to distinguish between specific applications. The typical composition of elements 
detected on the fragments is compared with that of specific mineral pigments from different 
geological regions, thus serving as a fingerprint for the provenance. A local usage of pigments 
is assumed concerning fragments of wall paintings from different sites. In comparison, 
common and special preparations indicate diverse traditions in painting.  
The critical approach shows the importance of material analysis to confirm the different 
provenance of fragments found in one place, to investigate the origin of materials, to reveal 
the history of individual manuscripts including the production process, storage and 
conservation.
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Jana Želinská(1), Ivana Kopecká(2), Eva Svobodová(2) and Vratislav Hurai(3)
(1) The Monuments Board of the Slovak republic; Cesta na ýervený most 6, 814 06 Bratislava, Slovak Republic 
 (2) National Technical Museum; Kostelní 42, 170 78 Prague, Czech Republic 
(3) Geological Institute, Slovak Academy of Sciences; Dúbravská cesta 9, 840 05 Bratislava 45, Slovak Republic 
There are total of 14 gothic altars at the church of St. James in Levoča. The main altar, 
dedicated to St. James and created by Master Paul of Levoča in the early 16th century (1508-
1517), is the highest gothic altar in the world (18.6m x 3m).  The open altar features a wooden 
relief with polychromy, with back sides of lateral wings formed by panel paintings based on 
those of Lucas Cranach and Hans Leonard Schäufelein. 
Research of these altar paintings, which are very well preserved with a number of organic 
glazes, is the subject of this paper and precedes the altars’ restoration. The aim of this 
research was to characterize the stratigraphy of paintings and to compare the painting 
techniques on particular panels. Both inorganic components of painting (painting pigment and 
substrate) as well as organic components (bindings and glazes) were analysed. Optical 
microscopy, XRF, SEM, EDS, Raman and FTIR microscopy were used for the analysis. 
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(1) Dpto. Ingeniería de los Recursos Naturales y Medioambiente, ETSI Minas, Universidad de Vigo, 36310 
VIGO, Spain 
(2) Dept. of Mineralogy and Petrology, Faculty of Science, University of Granada, Campus Fuentenueva s/n, 
18071 Granada, Spain 
(3) Scientific Instrumentation Centre, Campus Fuentenueva, University of Granada, 18071 Granada, Spain 
(4) Dept. Analytical Chemistry, and Biomedical Research Institute of Granada (IBIG), University of Granada, 
Faculty of Science, Campus Fuentenueva s/n, E¬18071 Granada, Spain. 
.H\ZRUGV: Tempera paintings, deterioration, atmospheric pollution, marine aerosol 
Degradation and darkening of outdoor paintings exposed to polluted and coastal urban 
atmospheres is acquiring significance due to new atmospheric contaminants and the effects of 
climate change. This problem is exacerbated in hot seaside Mediterranean cities with heavy 
traffic and in locations under oceanic climate. To establish preventive conservation policies of 
such paint heritage, a new research line in outdoor historical paintings has been launched in 
Granada and Vigo (Spain) with the main aim of examining the interactions of atmospheric 
and marine aerosols at paint surfaces, considering the interaction between pigments and 
binders.
This work presents the mineralogical and molecular composition of blank paint mock-ups 
prior to ageing tests to create a database to facilitate further comparative analyses. Paint 
mock-ups were prepared using 22 pigments mixed with either egg yolk or rabbit glue binder. 
The applied techniques were X-ray diffraction (XRD), micro-Raman spectroscopy (MRS) and 
attenuated total reflectance Fourier transform infrared spectroscopy (FTIR-ATR). 
XRD showed that quartz is added to azurite, malachite and cinnabar, while goethite is mixed 
with haematite, and Al-Mg rich oxides with minium. Lead white is composed of cerussite, 
hydrocerussite and calcite, while calcite and pyroxene is present in Lapislazuli. RMS revealed 
that samples must be analyzed using both the green and red laser to fully characterize them 
since according to their composition only specific Raman bands can be discerned with each 
laser (Figure). FTIR-ATR has provided higher spectral details than MRS such that bands of 
binders are better discriminated. However it does not offer good results for pigments with key 
bands at low frequencies (< 350cm-1), e.g. cinnabar, minium and haematite.  
Figure. MRS spectra of egg yolk-cinnabar mock-up acquired with green laser (left) and red laser (right). Notice 
that binder bands only appear using the green laser, whilst cinnabar bands are better seen with the red laser.
Acknowledgements: Research Groups RNM-179 and FQM-118, and Research Projects AERIMPACT 
(CGL2012-30729) and EXPOAIR (P12-FQM-1889) for financial support. 
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(1) MONARIS UMR 8233 UPMC-CNRS, LabEx MiChem, COFUND Fernand Braudel - FMSH,
*julene.aramendia@ehu.es
(2) Department of Analytical Chemistry, University of the Basque Country UPV/EHU , P.O.Box 644, E-48080 
Bilbao, Spain, +34 946018297 
(3) Sorbonne Universités, UPMC Université Paris 6, MONARIS "de la Molécule aux Nano-objets : Réactivité, 
Interactions et Spectroscopies", UMR 8233, UPMC-CNRS, 75252 Paris Cedex 05, France 
Weathering steel is a special material that due to its resistance against the atmospheric 
corrosion has been usually used by architects and sculptors. This steel develops itself a 
protective corrosion layer, which acts as a barrier against the corrosion (water, atmospheric 
particles, dust, acid airborne, etc.). The protective rust layer is formed due to the reaction 
among the metal and all mentioned external agents present in the atmosphere. This reaction is 
helped by the wet-dry cycles, and depending on the exposure conditions, this layer can 
acquire different textures and hues. This fact could be really interesting for art but, at the same 
time, it can become a problem for artists and curators. Therefore, the global comprehension of 
the development and behavior of this material results crucial. 
In this work, a global non-destructive analytical method is described for the study of the 
conservation state of weathering steel sculptures exhibited outdoors. For this aim, several in-
situ techniques were used, such as X-Ray Fluorescence, Raman spectroscopy (Figure 1) and 
DRIFT spectroscopy, to perform a first screening [1]. Furthermore, only in special cases some 
samples were collected from the sculptures for further analysis in the laboratory. The samples 
were analyzed by SEM-EDS and SCA in order to assess the effect of atmospheric particles in 
the steel. In addition, quantification analyses of the iron oxyhydroxides present in the rust 
layer were performed using Raman spectroscopy [2].  
Figure 1. Raman spectroscopic in-situ analysis. 
[1] J. Aramendia, L. Gomez-Nubla, K. Castro, I. Martinez-Arkarazo, D. Vega, A. Sanz López de Heredia, A. García Ibáñez de Opakua, J. 
M. Madariaga, JRS, 2012, 43, 1111-1117.
[2] J.Aramendia, L. Gomez-Nubla, L. Bellot-Gurlet, K. Castro, C. Paris, P. Colomban, J. M. Madariaga, JRS, 2014, 45, 1076-1084. 
In this way, a Protective Ability Index (PAI) was 
proposed, which provided an analytical data of 
the state of conservation of the artworks. Finally, 
with all these data a thermodynamic modeling 
was performed in order to understand better the 
reactions that were taking place in the steel 
surface and predict what could happen in the 
future. Through this complete method it was 
possible to relate some aesthetic problems and 
hues with their causes. Owing to the successful 
results extracted from the use of this method we 
propose it as a routine work to assess the 
conservation state of weathering steel structures 
exhibited outdoors. 
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Boyatzis (1), K. Melessanaki(2), P. Pouli(2)
(1) Technological Educational Institute of Athens, Department of Conservation of Antiquities and Works of Art, 
Ag. Spyridonos str, 12243, Athens, Greece 
(2) Institute of Electronic Structure and Laser (IESL), Foundation for Research and Technology-Hellas 
(FORTH), P.O. Box 1385, 71110, Heraklion, Crete, Greece 
Taking into account previous cleaning tests, which were carried out on fossilised bones, it has 
been demonstrated that laser cleaning is a feasible and effective conservation method to 
remove hard insoluble calcareous sediments with quartz impurities [1-4]. Based on these 
results, a series of cleaning tests were undertaken in order to compare the various 
methodologies. Specifically areas cleaned with conventional cleaning techniques, based on
chemical and mechanical means, widely used in the field of Conservation of Palaeontological 
Materials, were studied in comparison to areas cleaned with two different laser ablation 
methodologies (by means of a QS and a SFR Nd:YAG laser systems). This procedure was 
applied on samples of fossilised bones from the entrance of a cave in Kato Zakros of Crete. 
SEM/EDX and XRD analyses were appled in order to evaluate the cleaning result. After the 
completion of the experimental procedure and its comparison with the results acquired from 
traditional cleaning techniques, it has been concluded that the SFR Nd: YAG laser system
constitutes the least harmful cleaning tool, as it removes the sediment without causing damage
to the fossilized bone surface.
[1] F. Landucci, R. Pini, S. Siano, R. Salimbeni, E. Pecchioni, Laser cleaning of fossil vertebrates: a preliminary 
report, Journal of Cultural Heritage, 2000, 1: 263 – 267 
[2] F. Landucci, E. Pecchioni, D. Torre, P. Mazza, R. Pini, S. Siano, R. Salimbeni, Toward an optimized laser 
cleaning procedure to treat important palaeontological specimens, Journal of Cultural Heritage, 2003, 4: 106 
– 110
[3] L. Lopez- Polin, A. Olle, Laser for removing remains of carbonated matrices from Pleistocene fossils, 
Proceedings Lasers in the Conservation of Artworks, Editors M. Castillejo et al., 2008, Taylor & Francis 
Group, London 
[4] L. Lopez- Polin, L, Possible interferences of some conservation treatments with subsequent studies on fossil 
bones: A conservator’ s overview, Quaternary International, 2012, 275: 120-127
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Brass instruments of the 19th and early 20th centuries 
between longterm conservation and use in historically 
informed performance practice
T. Lombardo(1), M. Alter(1), E. Cornet(1), M. Ledergerber(1), F. Kergourlay(1), M.
Wörle(1), B. Elsener(2), F. Cocco(3), M. Fantauzzi(3) , A. Rossi(3), E. Lehmann(4),
D. Mannes(4), D. Allenbach(5), M. Mürner (5)(6), A. von Steiger
(5)(6)
, and M.
Skamletz(5)
(1) Laboratory of Conservation Research, Collections Centre, Swiss National Museum, Lindenmoosstrasse 1, 
8910 Affoltern am Albis, Switzerland 
(2) ETH Zürich, Institute for Building Materials, 8093 Zürich, Switzerland 
(3) University of Cagliari, Department of Chemical and Geological Sciences, Cagliari, Italy 
(4) Neutron Imaging and Activation Group, Paul Scherrer Institute, WLGA 221, 5232 Villigen – PSI, 
Switzerland 
(5) Bern University of Applied Sciences, Bern University of the Arts, Research area Interpretation; Fellerstrasse 
11, 3027 Bern, Switzerland 
(6) Burri Collection of Musical Instruments Foundation, Fellerstrasse 11, 3027 Bern, Switzerland  
The presented interdisciplinary project has a clearly defined object of research, namely the 
brass instruments used in a Parisian theatre orchestra in May 1913 for the world premiere of 
Igor Stravinsky’s Le sacre du printemps. Taking this as our starting point, one of the main 
goals is to examine the corrosion phenomena in historical instruments currently being used, 
and to present an appropriate set of recommendations for their conservation and usage.  
Among the 9 working packages of the project, 4 are dedicated to the development of a non-
destructive methodology based on different analytical technics to assess the corrosion state of 
a corpus of 16 historical brass instruments (late 19th and early 20th centuries). Our main focus
is the corrosion developed inside the instruments. In order to achieve this goal the project is 
structured upon the following tasks:  
- Determine the chemical composition of the brass instrument alloys (P-XRF), 
characterising the mineralogy of corrosion products (Raman spectroscopy); characterise
and quantify the surface composition (X-ray photoelectron spectroscopy) [1]. 
- Perform a comprehensive visual inspection inside the tubes by endoscope; 
- Apply electrochemical methods (potential and polarisation resistance –Rp- measure-
ments) inside the instruments at specific locations (tuning slides, lead-pipe, etc.) [2];
- Obtain “cartographies” of the distribution of corrosion products inside the instruments 
by neutron imaging and X-Ray tomography. 
16 brass instruments are daily played by the musicians. One group is played according to 
specific preventive conservation guidelines; the second group is played using common 
practice. All instruments are analysed by non-destructive methods at different times to 
evaluate the evolution of their corrosion conditions. The comparison, of the state of the two 
groups, shall allow assessing the efficiency of the applied guidelines of preventive 
conservation. A concert using these instruments is planned at the end of the project.  
[1] F. Cocco, M. Fantanzzi, B. Elsener, A. Rossi, this conference 
[2] B. Elsener, M. Alter, T. Lombardo, M. Ledergerber, M. Wöhrle, F. Cocco, M. Fantauzzi, A. Rossi, this 
conference
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Spectrometric analysis applied to the study of damage 
layers on carbonate stone surfaces 
Valeria Comite(1), Donatella Barca(1), Cristina Maria Belfiore(2), Alessandra 
Bonazza(3), Mauro Francesco La Russa(1), Silvestro Antonio Ruffolo(1), Cristina 
Sabbioni(3), Gino Mirocle Crisci(1), Antonino Pezzino(2)
(1) Dipartimento di Biologia, Ecologia e Scienze della Terra (DiBEST), Università della Calabria, Via Pietro 
Bucci, 87036 Arcavacata di Rende (CS), Italy 
 (2) Dipartimento di Scienze Biologiche, Geologiche e Ambientali – Sezione di Scienze della Terra, Università di 
Catania,Corso Italia 57, 95129 Catania, Italy  
(3) Istituto di Scienze dell’Atmosfera e del Clima, ISAC-CNR, Via Gobetti 101, 40129 Bologna, Italy  
Spectrometric analyses have been carried out on black crust samples collected from buildings 
and churches belonging to the European built Heritage, namely the Corner Palace in Venice, 
the Cathedral of Milan, the Cathedral of St. Maria del Fiore in Florence, the Vittoriano 
Monument in Rome, the Cathedral of St. Rombouts in Mechelen (Belgium), the Church of St. 
Eustache in Paris (France), the Cathedral of Seville (Spain), and the Tower of London (United 
Kingdom). Such monuments, all built in carbonate stones, were selected for their historic-
artistic relevance, as well as for their location in different urban contexts. For a complete 
characterization of the black crusts, an approach integrating complementary techniques was 
used, including optical (OM) and scanning electron microscopy coupled with energy-
dispersive X-ray spectrometry (SEM-EDS), Fourier transform infrared spectroscopy (FT-IR), 
and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). The study 
provided information on the chemical composition of damage layers, the state of conservation 
of the underlying substrates and the interactions between crusts and stones. In particular, the 
geochemical investigations in terms of trace elements revealed that all crusts are enriched in 
heavy metals (As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Sn, Ti, V, and Zn) compared to 
substrates. The different concentrations of such elements in all analyzed crust samples can be 
ascribed to several factors, such as: height of sampling, morphology of the sampled surfaces 
(vertical or horizontal), exposure to atmospheric agents, exposure to direct (road or boat 
traffic) or indirect (industries) sources of pollution, accumulation time of pollutants on the 
surfaces, wash out and particulate air pollution. Specifically, the crusts collected at lower 
heights (some samples of the Corner Palace, Vittoriano Monument, Cathedral of St. 
Rombouts, Cathedral of Seville, and Tower of London) resulted to be mainly influenced by 
mobile sources of pollution (vehicular or boat traffic), while samples taken at higher heights 
(some samples of the Corner Palace, Cathedral of Milan, Cathedral of St. Maria del Fiore, and 
Church of St. Eustache) are generally mostly affected by stationary combustion sources. In 
some cases, the detailed analysis of multilayered crusts (Palazzo Corner) contributed to 
recognize the variation of combustion sources responsible for the deterioration of surfaces 
over time. In addition, the possibility of analyzing altered portions of the substrate (Cathedral 
of Seville and Tower of London) permitted to observe that some elements (Pb, Zn, Cu and Ni) 
show concentrations similar and, sometimes, higher than the overlying crusts. This result can 
be explained by the geochemical mobility of such elements (at specific environmental 
conditions), which accelerate the process of sulfating, rapidly creating new layers of crust. 
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laura.rampazzi@uninsubria.it  
(2) Istituto per la Conservazione e la Valorizzazione dei Beni Culturali, CNR, Via Roberto Cozzi 53, 20125 Milan 
(Italy), sansonetti@icvbc.cnr.it  
(3) Bruker Italia S.r.l. Viale V. Lancetti 43, 20158 Milan (Italy), diego.sali@bruker.com 
When analytical chemistry is called to support a conservation work on a polychrome surface, one of 
the main issues is the characterization of the palette. When sampling is permitted a laboratory 
analytical plan is designed. Since some years, the concerns about the correct conservation of the 
artworks, advised to avoid sampling; consequently the analytical protocols have been integrated 
with portable techniques. In fact XRF, FORS, Raman constitutes a valid support in individuating 
the used pigments. These latter have been recently flanked by portable FTIR; in case of the use of 
FTIR, spectra have been acquired with a non destructive and non invasive sampling method, via the 
external reflectance technique. Unfortunately bibliography which can provide reference reflectance 
spectra is lacking. In this paper a first attempt to build a set of reference data of a painting materials 
is presented. The FT-IR Spectrometer (Alpha-R, Bruker Optik GmbH) has been used sampling a 
circular area with about 6 mm of diameter and with the following parameters: 7500-375cm-1
spectral range, 4cm-1 spectral resolution, 200 number of scans. More than 50 pigments, provided by 
Kremer Pigmente GmbH, as pure pigments, were analysed representing a complete palette. 
Pulverized pigments were deposited in the cavity of an aluminium sample holder for X Ray 
Diffraction and the spectra were acquired without the need of further pre-treatment of samples. 
Moreover nearly 20 different organic substances were applied over a glass slide covered with an 
aluminium foil in order to acquire binder references. 
A selection of the spectral reflection features are presented in the paper, together with a discussion 
and the attribution of the more interesting ones. For each of the pigments part of the study, the 
characterisation has been completed with a micro-Raman spectrum (Senterra, Bruker Optik GmbH; 
785 nm and 532 nm laser lines) and an XRD (X Ray Diffraction) analysis (Panalytical X'Pert PRO) 
in order to better complete and attribute the spectral data coming from portable FTIR. 
KEYWORDS: portable FTIR; non invasive techniques; pigments; micro-Raman; XRD 
TECHNART 2015 POSTER SESSION 1
P1-153
&RPELQHGXVHRIWKH3,;(DOSKDDQG;5)SRUWDEOH
V\VWHPVIRUWKHQRQGHVWUXFWLYHDQGLQVLWXFRPSRVLWLRQDO
VWXG\RIODUJHEURQ]HVWDWXDU\RISUHVXPHG5RPDQSHULRG
63DIXPL/3DSSDODUGR)35RPDQR
'LSDUWLPHQWRGL6FLHQ]H8PDQLVWLFKHGHOO¶8QLYHUVLWjGL&DWDQLD
/16,1)19LD6DQWD6RILD&DWDQLD,WDO\
,%$0&159LD%LEOLRWHFD&DWDQLD,WDO\
&RUUHVSRQGLQJDXWKRU
6HYHUDO DUWLIDFWV EHORQJLQJ WR D FROOHFWLRQ RI EURQ]H ODUJH VWDWXDU\ RI SUHVXPHG 5RPDQ
SHULRGV KDYH EHHQ DQDO\]HG E\ WKH 3,;(DOSKD DQG ;5) QRQGHVWUXFWLYH WHFKQLTXHV 7KH
PHDVXUHPHQWV KDYH EHHQ FDUULHG RXW LQVLWX DW WKH 0XVHR &LYLFR GHO &DVWHOOR 8UVLQR LQ
&DWDQLD 7KH SXUSRVH RI WKH LQYHVWLJDWLRQ ZDV WKH FKHPLFDO FKDUDFWHUL]DWLRQ RI GLIIHUHQW
HOHPHQWV RI WKH DUWLIDFWV WKH DOOR\ WKH SDWLQD VRPH GHFRUDWLRQV LQ WKH VXUIDFHV DQGZHUH
SRVVLEOHWRYHULI\WKHFRPSDWLELOLW\RIWKHDOOR\FRPSRVLWLRQRIVRPHLVRODWHGIUDJPHQWVZLWK
WKHHQWLUHZRUN
'XH WR WKH KLJK DUWLVWLF YDOXH RI WKH DUWLIDFWV WKH QRQGHVWUXFWLYH DQG LQVLWX DSSURDFK KDV
EHHQRILQYDOXDEOHLPSRUWDQFHDVZHOODVWKHFRPSOHPHQWDU\XVHRIWKH3,;(DOSKDDQG;5)
WHFKQLTXHV7KH;5)WHFKQLTXHGXHWRWKH;UD\VDQDO\WLFDOUDQJHRIDERXWPLFURQVIRUD
GHILQHGHQHUJ\ DOORZHG WKH FKHPLFDO DQDO\VLVRI WKH DOOR\V7KHFRPSOHPHQWDU\XVHRI WKH
3,;(DOSKDWHFKQLTXHFKDUDFWHUL]HGE\DIHZPLFURQVPLFURQVSHQHWUDWLRQGHSWKRIWKH
DOSKDSDUWLFOHV LQDPHWDOOLFPDWWHU DOORZHG WKH FKHPLFDOFKDUDFWHUL]DWLRQRI WKH VXSHUILFLDO
OD\HUVSDWLQDDQGGHFRUDWLRQV7KH;5)DQDO\VLVKDVHYLGHQFHGDEURQ]HFRPSRVLWLRQIRUDOO
WKH LQYHVWLJDWHG DOOR\V 7KH KLJK DPRXQW RI 3E !  IRXQG RQ WKH PDMRULW\ RI WKH
VDPSOHVLVFRPSDWLEOHZLWKWKHDWWULEXWLRQDWWKH5RPDQSHULRGH[FHSWIRURQHVDPSOHZKLFK
SUHVHQWHGD3EDPRXQWOHVVWKDQDQGUHTXLUHVIXUWKHULQYHVWLJDWLRQV7KHDIILQLWLHVEHWZHHQ
GLIIHUHQWIUDJPHQWVRIDOOR\KDYHEHHQDOVRIRXQG7KH3,;(DOSKDPHDVXUHPHQWVFDUULHGRXW
RQ WKH SDWLQDV KDYH HYLGHQFHG LQ JHQHUDO DQ KLJK FRQWHQW RQ WKH W\SLFDO PHGLXPOLJKW
HOHPHQWV 6 DQG &O FKDUDFWHULVWLF RI WKH FRUURVLRQ SURGXFWV RQ WKH &XEDVHG DOOR\V 7KH
3,;(DOSKDFDUHIXO LQYHVWLJDWLRQRQVRPHPLOOLPHWULFVSRWVSUHVHQW LQWKHVXUIDFHRIVHYHUDO
VDPSOHV KDV HYLGHQFHG WKH SUHVHQFH RIPRUH WKDQ  RI JROG LPSO\LQJ WKH H[LVWHQFH RI
JLOGLQJ,QVRPHRIWKHVWXGLHGDUWLIDFWVWKHSDWLQDUHVXOWHGWREHFRPSRVHGDOVRE\VLOYHU
5HVXOWVDQGGLVFXVVLRQDUHSUHVHQWHG
7KHSRUWDEOH;5)DQG3,;(DOSKDV\VWHPVLQWKHDQDO\VLVRIEURQ]HDUWLIDFWV
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7KHgolds RI+LPHUDD SUHOLPLQDU\QRQLQYDVLYH
DUFKDHRPHWULFVWXG\RIphiale aurea
Maria Francesca Alberghina(1), Maria Brai(1,2), Dorotea Fontana(1), Maria Rosa 
Panzica(3), Salvatore Schiavone(4), Luigi Tranchina(2) and Agata Villa(3)
(1)Dipartimento di Fisica e Chimica, Università di Palermo 
(2)Laboratorio di Fisica e Tecnologie Relative - UniNetLab - Università di Palermo 
(3)Parco archeologico di Himera, Termini Imerese (PA)
(4)S.T.Art-Test di S. Schiavone & C 
Since March 2004 a very precious phiale mesomphalos aurea is exhibited in the 
Archaeological Museum of Himera. This artefact represents one of the most refined and 
elegant goldsmith works discovered in Sicily. 
The story of the recovery of the phiale is  long and complex, as it was not only a matter of 
recovering an archaeological item but, even before, an important and difficult judiciary 
enquiry which marked a major breakthrough for the Italian government in the recovery of 
historical-artistic items illegally transferred abroad [1]. This artefact was found in Caltavuturo 
(Palermo, Sicily) in the ‘80s of last century, illegally transferred to the United States and 
returned to Sicilian Government  after a long and complex operation of the Italian judiciary. 
The phiale, dated back to 4th-3th century BC, show a complex embossed decoration, 
characterized by an acorn motif, alternate with a delicate motif of bees and stylized lotus 
flowers [2].
To this day, this precious artefact has never been investigated from archaeometric point of 
view; indeed the archaeological hypothesis promoted until now were based only on stylistic 
analysis and comparison with documents and historical sources [3]. 
With the aim to integrate the information on the phiale now available, XRF analysis were 
carried out for a preliminary evaluation of traces and constituent elements. Moreover 
observations in visible and ultraviolet light through optical digital microscope were provided 
for documenting the details of the surface morphology, such as embossed, chiselling and 
burnishing techniques. 
The results obtained will be compared with other one’s acquired on the “golden foil with 
Gorgon”, an archaic artefact dated back to 7th-6th century BC, found in the archaeological site 
of Himera. 
[1] Himera città greca: guida alla storia e ai monumenti, Soprintendenza ai beni Culturali e Ambientali, Servizio 
Beni Archeologici, Palermo, 2005. 
[2] La phiale aurea di Caltavuturo, a cura della Soprintendenza ai Beni Culturali e Ambientali di Palermo, 2005. 
[3] P.G. Guzzo, F. Spatafora, S. Vassallo, MEFRA 122(2), 2010, 451-477.
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0-1XHYR$0DUWtQ6iQFKH]0$2MHGD DQG6*XHUUD0LOOiQ
1Departamento de Física. Universidad de Extremadura, 06006 Badajoz, Spain.
2 Centro de Conservación y Restauración de Bienes Culturales. Dirección General de Patrimonio 
Cultural. Consejería de Educación y Cultura. Gobierno de Extremadura, 06800 Mérida, Spain.
3Sección de Arqueología. Dirección General de Patrimonio Cultural. Consejería de Educación y Cultura. 
Gobierno de Extremadura, 06800 Mérida, Spain. 
The last restoration works of the Roman Theatre in Medellín (Badajoz, Spain) helped to 
transform a partially-buried ancient Roman site into a relevant monument of national 
cultural heritage. This fact was recognized with Europa Nostra Awards 2013, a
prestigious EU Prize for Cultural Heritage. Certain parts of this theatre (Ima and Media 
Cavea, Pulpitum, Proscenium, among others) were re-emerged in a remarkable state of 
preservation. Particularly, various decorated fragments of the baseboard in the Scaenae 
Frons structure, stucco columns and other decorative figures were recovered in excellent 
condition. In this work, those pigments found on these decorated elements were 
characterized by means of in situ EDXRF analysis. Additionally, several pigmented 
fragments found in the site, were analyzed by XRD and FTIR, in order to cast light on 
the original pigmentation. Iron in the red color seems to be the predominant element. This 
result is in agreement with the usage of hematite, a pigment widely used in Roman time 
[1-2]. Mercury have not been found in red pigments despite the relatively proximity of 
the cinnabar ore Almadén mines.
[1] G.A. Mazzocchin, F. Agnoli, M. Salvadori. Talanta 64, 2004, 732–741.
[2] M.C. Edreira, M.J. Feliu, C. Fernández-Lorenzo, J. Martín. Analytica Chimica Acta 434, 2001, 331–
345.
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;5D\)OXRUHVFHQFHRI+LVWRULFDO:ULWWHQ0DQXVFULSWV
Bernadette Frühmann(1), Manfred Schreiner(1)
(1) Institute of Science and Technology in Art, Academy of Fine Arts, 1010 Vienna, Austria 
Within the framework of the HRSM-project [1] with the aim of an investigation of cultural 
heritage, the Centre of Image and Material Analysis in Cultural Heritage (CIMA) [2] was 
established at the beginning of 2014. Within this project several historical written manuscripts 
of the Austrian National Library (ÖNB) were examined. The selection comprises badly 
preserved or rewritten manuscripts (palimpsests) on the one hand, and manuscripts with a 
remarkable make up on the other, deriving from the 8th to the 14th century. The material 
investigations aim at the determination of the inks and pigments used for writing and 
illuminating. Besides multispectral imaging [3], different non–destructive and non–invasive 
material investigations are required. 
As the mentioned manuscripts are very sensitive due to their age as well as due to the fact that 
they were in intense use, it was highly aimed that collecting data of used writing inks and 
parchments must involve non-destructive techniques. This means that methods with the 
ability to measure in-situ are needed. XRF covers the demands mentioned and can be applied 
under specific conditions also as air-path systems. A handheld XRF-device of Spectro 
Analytical Instruments, type xSORT, designed in the first place for commercial application, 
was available for non-destructive in-situ analysis, as it offers several advantages: its 
lightweight and the fast measuring procedure as well as the detection of light elements with Z 
even below 20, such as Mg, Al, Si and P. As the spot size is rather big, about 7 mm in 
diameter, a second device was used: a PXRF device [4] with a small spot size (1 mm 
diameter). 
The poster presents preliminary results of the measurements including also the evaluation of 
the qualitative data from the different XRF devices in order to achieve further adaption of the 
hand-held instrument for the analysis of objects of art and archaeology. 
Fig.1: Folio of a manuscript 
with points of interest. 
No. Measuring Point Detected Elements Possible Pigment
1 Parchment Mg, Al, Si,36&O, K, Ca, Fe 
2 orange +J Cinnabar 
3 blue Mn, Fe, &X, Hg, Pb Azurite 
4 yellow Hg, $V Auripigment
5 red ink +J, Pb Cinnabar mixed with  
Lead White or Mennige 
Tab.1: Results of the XRF investigations 
[1] HochSchulraum-StrukturMittel (Structural Fund for Austrian Higher Education) of the Austrian Federal 
Ministry of Science and Research, 2013. 
[2] CIMA is an interuniversity research institution with an interdisciplinary approach to the investigation of 
cultural heritage. 
[3] Imaging in spectral ranges from UV to IR, CVL – Computer Vision Lab, Vienna University of Technology 
[4] V. Desnica, M. Schreiner, A LabVIEW-controlled portable x-ray fluorescence spectrometer for the analysis 
of art objects. X-Ray Spectrometry 35 (2006) 280-286
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F. Gabrieli(1,4), D. Uldanck(2), I. Bonaduce(2), E. Buzzegoli(3), I. Degano(2), D. 
Kunzelman(3), C.Miliani(1), F.Modugno(2), F.Rosi(1)
(1) Istituto CNR di Scienze e Tecnologie Molecolari (CNR-ISTM), via Elce di Sotto 8, I-06123 Perugia, Italy.
 (2) Università di Pisa, Dipartimento di Chimica e Chimica Industriale, via Moruzzi 3, Pisa (Italy) 
(3) Opificio delle Pietre Dure di Firenze, Via degli Alfani 78 Florence (Italy) 
(4) Dipartimento di Chimica, Biologia e Biotecnologie, Università degli Studi di Perugia, via Elce di Sotto 8, I-
06123 Perugia, Italy.
Twenty different formulations of red lakes belonging to the Lefranc & Bourgeois Archive in 
Le Mans (France) and dating from 1890 to 1921 have been investigated using spectroscopic 
and chromatographic techniques. In this historical period many such variants or combinations 
were exploited to improve the quality of artists’ pigments. Therefore advances in methods for 
characterisation and analytical models for data interpretation, are particularly important, 
especially for conservation purposes due to different degrees of stability of the various 
formulations. The study was conducted with the goal of combining information from Raman 
spectroscopy and High Performance Liquid Chromatography (HPLC) for the characterization 
of organic pigment formulations.
Raman as well as Surface Enhanced Raman spectroscopy (SERS) were applied for the study 
of the historical samples. Conventional Raman offered the opportunity to directly investigate 
the molecular composition of the unknown materials discriminating between the formulations 
based on mordent-based lake pigments and dyestuffs. When fluorescence complicated the 
conventional Raman measurements SERS experiments permitted the identification of the 
main colorants and also some minor components. In absence of luminescence problems, 
SERS and Raman provided complementary information about the material composition.  
HPLC analyses, using both DAD and ESI-Q-ToF detectors allowed for the identification of 
several minor components and ultimately to distinguish among natural and synthetic 
formulations or to discriminate between different recipes for the extraction of dyes from the 
raw materials. 
Advantages, shortcomings, as well as complementarities of the two methods will be 
discussed. The study was supplemented by an investigation based on multispectral imaging at 
various wavelengths (NIR, UV fluorescence, reflected UV, and corresponding false colour 
reconstructions) proposed as a non-invasive tool to guide educated and selective samplings.  
$FNQRZOHGJPHQWV
This research was funded by MIUR (FIRB 2012, FUTURAHMA-Tecniche pittoriche, critica 
delle varianti e problemi conservativi. Tra Futurismo e ritorno al classico (1910-1922), 
RBFR12PHL4_002.
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Combined X-Ray diffraction and fluorescence analysis in 
the cultural heritage field 
Luca Lutterotti(1), Federica Dell’Amore(2), Diego E. Angelucci(2) and 
Stefano Gialanella(1),
(1) Dipartimento di Ingegneria Industriale, Università degli Studi di Trento, via Sommarive 9, Trento, Italy 
 (2) Dipartimento di Lettere e Filosofia, Università degli Studi di Trento, via Tomaso Gar 14, Trento, Italy 
X-Ray diffraction (XRD) and fluorescence (XRF) are two widely used techniques to obtain 
primary information in the cultural heritage field. These are also complementary techniques 
as the first is mostly used to get phase (crystallographic) information and the second chemical 
compositions from the samples. But both require info from each other to perform a better 
quantitative analysis. 
Traditionally this can be done by performing two measurements, one on a diffractometer and 
one with a fluorescence instrument and by using the information from fluorescence on the 
chemical content to search for the more appropriate phases identifiable on the XRD pattern to 
perform finally a quantification using a Rietveld like fitting. 
We propose instead to merge XRD and XRF both in the measurement as well as in the 
processing step for the benefit of a better and more complete analysis. A new laboratory 
instrument has been developed to perform a simultaneous measurement using the same 
radiation source (Mo microsource) and two detectors collecting the diffraction and 
fluorescence patterns simultaneously in scanning mode (more patterns are obtained for XRF 
at different incident angle).
A combined Rietveld and fluorescence refinement is then performed to obtain simultaneously 
both the phase quantification and chemical analysis using the program MAUD [1]. The 
fluorescence pattern is fitted using the crystallographic phases with their variable 
composition.
Using this procedure we analyzed some archeological samples from an alpine pastoral 
enclosure in Val Poré (Val di Sole, Trentino, Italy) [2]. By the constraint on the composition 
given by the fluorescence patterns a better crystallographic refinement can be performed and 
phase quantification and at the same time the accurate phases content permits to calculate the 
exact absorption path for each fluorescence line in the XRF simultaneous fitting and 
automatically correct for the so-called matrix effect. 
We have also some limitations in this methodology: (a) all the phases need to be identified 
and known from the crystallography point of view to perform the Rietveld fit part and (b) the 
XRF patterns are collected in air, so we are not sensitive to the chemical elements below the 
Silicon. To overcome the latest problem, additional EDXS spectra have been collected on a 
SEM and relevant information added to the fitting procedure.
[1] L. Lutterotti, Nuclear Inst. and Methods in Physics Research B, 268, 2010, 334-340. 
[1] F. Carrer, D. E. Angelucci, Debates de Arqueología Medieval, 3, 2013, 149-165. 
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Robert Lehmann(1), Ingo Horn(2), Carla Vogt(1)  
(1) Institute for Inorganic Chemistry, Leibniz University of Hannover, Callinstr. 9, 30167 Hannover, Germany 
 (2) Institute for Mineralogy, Leibniz University of Hannover, Callinstr.3, 30167 Hannover, Germany 
Using laserablation (fs-LA-ICP-MCMS)  lead isotope ratios and  trace element fingerprint 
(ns-LA-ICP-QMS) were determined. In comparing the use of one of these parameters only, 
the combination of these data allows a more precise provenance study. In the presented work 
different gold artifacts of the bronze ages, including the newly discovered famous “gold hoard 
of Gessel”, were analyzed. The results require a discussion of the origin of the gold and the 
global trade routes in the bronze ages. The analytical challenge was the accurate measurement 
of lead isotope ratios without  visible sampling. Therefore a bottomless sampling chamber 
was constructed and used to measure bulk pieces [1]. 
[1] R. Lehmann, D. Fellenger, C. Vogt: Modern metal analysis of Bronze Age gold in Lower Saxony by using 
laser ablation mass spectrometry, in: H. Meller, R. Risch, E. Pernicka: Metalle der Macht - Frühes Gold und 
Silber Metals of power - Early gold and silver, Halle 2014, 237-246.
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WKHUPDOPLFURVFRS\DQGLPDJHSURFHVVLQJWHFKQLTXHV
Elena Badea(1,2), Oana A. Miu(3), Cristina Carsote(4)
(1) Department of Chemistry, Faculty of Mathematics and Natural Sciences, University of Craiova, 107 I Calea 
Bucuresti, 200512 Craiova, Romania
(2) Advanced Research for Cultural Heritage (ARCH), National Research and Development Institute for Textile 
and Leather, ICPI Division, Ion Minulescu 93, 031215 Bucharest, Romania 
(3) Mira Telecom s.r.l., 13 Nicolae Grigorescu, 075100 Otopeni, Romania 
 (4) National Museum of Romanian History, 12 Calea Victoriei, 030026 Bucharest, Romania 
The thermally-induced structural collapse of the collagen fibres in historical materials and 
artefacts such as leather, parchment and skin is currently evaluated through the Micro Hot 
Table (MHT) method. This method, widely used in conservation-restoration is based on a 
combined thermal and microscopic technique which registers the motion of the collagen 
fibres dispersed in aqueous milieu and heated at 2°C·min-1 inside a thermostatically controlled
heating cell [1]. This motion called shrinkage activity is observed through a stereomicroscope 
and digitally-recorded by a camera. It has been defined as a sequence of five temperature 
intervals in which shrinkage discretely occurs in individual fibres (intervals A1 and B1), then 
extends to the fibre mass in a continuous manner (interval C) and finally levels off through B2 
and A2 intervals [2]. Although shrinkage activity can significantly vary within historical 
materials, two parameters, i.e. the temperature at which the very first motion is observed Tf
and the start of the interval C, the shrinkage temperature Ts, were related to the level of 
damage [3]. Moreover, correlation of shrinkage parameters with data obtained by other 
techniques enabled a more detailed and reliable evaluation of deterioration [4-7].
However, the present MHT method is based on the visual evaluation of the collagen fibres 
motion being thus affected by subjective factors, i.e. experience, skills, visual acuity and 
mood of the operator, that can cause high errors making it impossible the inter-laboratory 
comparison of data. In addition, the need to view the motion film 2-3 times makes this 
method very time consuming. These limitations were overcome by the use of the image 
processing techniques for the automatic detection of shrinkage intervals [8]. An improved 
imageMHT method incorporating image analysis and a diagnostic software was thus 
developed to deliver an objective and fast tool for in situ diagnosis of parchment and leather. 
The authors gratefully acknowledge funding from the Romanian ANCS for the project Intelligent 
System for Analysis and Diagnosis of Collagen-Based Artefacts (COLLAGE, PNII 224/2012).  
[1] R. Larsen, M. Vest, K. Nielsen, J. Soc. Leath. Tech. Ch. 77(5), 1995, 151. 
[2] R. Larsen, D.V. Poulsen, M. Vest. In: R. Larsen Ed. Micro analysis of Parchment, Archetype Publications, 
London, 2002, p.55. 
[3] R. Larsen, D.V. Poulsen Sommer, K. Mühlen Axelsson. In: P. Engel Ed. New Approaches to Book and Paper 
Conservation-Restoration, Verlag Berger, Horn/Wien, 2011, p.239. 
[4] E. Badea, L. Miu, P. Budrugeac, M. Giurginca, A. Mašić, G. Della Gatta, J. Therm. Anal. Cal. 91, 2008, 17. 
[5] E. Badea, D.V. Poulsen Sommer, K. Mühlen Axelsson, R. Larsen, A. Kurysheva, L. Miu, G. Della Gatta,  
e-Preserv. Sci. 9, 2012, 97.
[6] A. Možir, L. Gonzalez, I.K. Cigić, T.J. Wess, I. Rabin, O. Hahn, M. Strlič, Anal. Bioanal.Chem. 402(4),
2012, 1559. 
[7] K. Mühlen Axelsson, R. Larsen, D.V. Poulsen Sommer, J. Cult. Heritag, 13(2), 2012, 128. 
[8] O. A. Miu, E. Badea, C. Carsote, S. Ciobanu, In: Proceedings Book of the 5th International Conference on 
Advanced Materials and Systems, Certex Publishing House, Bucharest, 2014, p.539. 
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In situ EDXRF-Raman analyses for archaelogical pottery 
classification  
Bonizzoni L.(1), Galli A.(2) , Roberto Alberti(3), Luca Bombelli(3), Tommaso 
Frizzi(3), Michele Gironda(3) and M. Martini(4) 
(1) Università degli Studi di Milano, Dipartimento di Fisica, via Celoria 16, 20161 Milano (Italy) 
 (2) CNR-IFN, INFN and Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca, via 
R. Cozzi 55, 20125 Milano (Italy) 
 (3) XGLab s.r.l. spinoff del Politecnico di Milano, Via F. D'Ovidio 3, 20131Milano (IT) 
Dipartimento di Scienza dei Materiali, Università degli Studi di Milano-Bicocca, via R. Cozzi 55, 20125 Milano 
(Italy) 
  
In order to settle the provenance of a set of ancient ceramic shards the elemental composition 
data acquired are usually treated by multivariate analysis techniques. The analytical tool 
widely used to find out different geographical proveniences among the sets of archaeological 
pottery is the examination of elemental chemical composition, with particular regard to trace 
elements, in association with chemiometric analysis [1]. As clays can have a different 
composition also within the same quarry or, otherwise, be quite similar in different site, it is 
in general necessary to pay particular attention to minor and trace elements [2]. It also can be 
useful to juxtapose elemental and mineralogical data, the latter being strong influenced by 
production techniques, especially firing temperature[3]. Reliable provenance classification is 
based on interdisciplinary studies involving scientific and humanistic fields. 
On Etruscan decorative ceramic coming from an archaeological site we used an innovative 
portable spectrometer produced by XGLab SRL and designed to perform in-situ combined 
and highly integrated EDXRF and RAMAN analyses specifically for cultural heritage 
applications. The spectrometer implements advance components such as a large area Silicon 
Drift X-Ray Detector, a 50kV X Ray generator equipped with different collimators and filters, 
an high stabilized excitation laser at 785nm and an high resolution cooled CCD spectrometer 
for Raman spectroscopy together with several monitoring system (pointing lasers, microscope 
camera, LEDs light for sample illumination).  
The analyzed artefacts are peculiar because their ceramic matrix shows an high heterogeneity 
(different inclusions are present); moreover various pigments have been used in the 
superficial decorations.  
The combined molecular and elemental analyses gives the opportunity to identify exactly on 
the same spot the different crystalline and amorphous phases [4], and to quantify the trace 
elements. The data obtained have been processed obtaining a provenance classification. 
 
 [1] R.A. Jones, Greek and Cypriot Pottery (The British School Eds., Athens, 1986 
[2] H. Neff, Modern Analytical Methods in Art and Archaeology, ed. E. Ciliberto and G. Spoto, New York , 
2000, p. 115-116. 
[3] S. Bruni, F. Cariati, G. Bagnasco Gianni, M. Bonghi Jovino, U. Russo Spectroscopic caracterization of 
Etruscan depurata and impasto potteryfrom the excavation at Pian della Civita in Tarquinia (Italy): a comparison 
with local clay in Achaeology and Clays, Ed. I.C. Druc, British Archaeological Reposrts, Oxford 2001 
[4] L. Medeghini, P.P. Lottici, C. de Vito, S. Mignardi, D. Bersani, J. Raman Spectrosc. 2014, 45, 1244–1250 
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A. Alexopoulou(1), B. Singer(1,3), P. Banou(4), S. Zervos(2), A. Kaminari(1),
A. Moutsatsou(5), A. Terlixi(5), E. Tziamourani(1), A. Karabotsos(1),                 
M. Doulgeridis(5)
(1) Department for Conservation of Antiquities and Works of Art, TEI of Athens, Greece, 
(2) Department for Library Sciences and Information  Systems, TEI of Athens, Greece,
(3) Analysis for Conservation, UK 
(4) Department for Conservation, General State Archives, Athens, Greece 
(5) Department for Conservation, National Gallery – Alexandros Soutzos Museum, Athens, Greece 
$EVWUDFW
This paper presents the research methodology employed for the physical chemical 
documentation of the condition of oil paintings and oil sketches on paper support, focusing 
on the effect of the oil binder on the paper supports, in order to study the changes caused 
and the progress of deterioration, thus providing criteria for the better evaluation of their 
condition. Even though literature refers to problems of these works associated with the
presence of oil binder , thorough and systematic research has never been performed before, 
leaving the subject and the problem pending.
Six original works of art, representative samples of the Greek artists of the 18th-20th 
century, belonging to the National Gallery - Museum of Alexandros Soutzos were
investigated. The research was supported by experimental laboratory study of artificially
aged mock ups made of linseed oil and different paper supports. The mock ups were
submitted to close environment artificially aging. The methodology of research involved
technical examination using non-destructive imaging techniques (UVF, multispectral, 
FORS, colourimetry), microscopic techniques (optical VLM/FLM, SEM) as well as micro 
analytical techniques (HS-SPME-GC-MS, SEM–EDX, and FTIR) for the examination and 
the identification of the materials and the degradation products of the original artworks and 
the mock-ups before and after ageing. 
The present article discusses the evaluation of the obtained results on the morphological 
and optical changes that derived from the selected methodology, and the assessment of the 
techniques employed as far as the applicability and the efficacy in the study of the 
particular subject. The appraisal of the methodology is expected to contribute to the 
development of an experimental tool for the evaluation of the condition of this particular 
type of works. 
This research has been co-financed by the European Union (European Social Fund – ESF) 
and Greek national funds through the Operational Program "Education and Lifelong 
Learning" of the National Strategic Reference Framework (NSRF) - Research Funding 
Program: ARCHIMEDES III – Investing in knowledge society through the European 
Social Fund. 
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N. Proietti (1), D. Capitani (1), V. Di Tullio (1), C. Pettinari (2), G. Roselli (2), 
S. Basileo(2), S. Pucciarelli(3)
(1) Laboratorio di Risonanza Magnetica Anna Laura Segre, Istituto di Metodologie Chimiche, CNR, Area 
della Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
(2) University of Camerino School of Science & Technology, Chemistry Division 
via S. Agostino n.1I - 62032 Camerino (Italy) 
(3)University of Camerino School of Biosciences & Biotechnologies, Via Gentile III da Varano, Camerino
62032 (MC) Italy
It  is well known that the first major European center for the manufacture of paper developed 
in the Camerino-Fabriano area. For its high quality the paper was the most requested and sold 
in Europe. 
In this study a set of handmade paper documents from Fabriano and Camerino dated between 
the thirteenth and fourteenth century,  were analyzed in order to highlight  differences about 
manufacturing, composition, and state of conservation. Analyses were carried out on very 
precious documents using non invasive and non destructive techniques such as mobile 
Magnetic Resonance, Fourier Transform Infrared Spectroscopy (FTIR), and X-Ray 
Fluorescence (XRF),  along with  micro-destructive techniques such as Scanning Electron 
Microscope (SEM), 13C Solid State Nuclear Magnetic Resonance  (13C CPMAS NMR), and 
Thermo Gravimetric Analysis (TGA). This multi-techniques approach allowed to obtain 
information on the different manufacturing of the two type of paper and on their state of 
conservation. It was also possible  to evaluate the  amorphous/crystalline ratio of cellulose 
used in the papermaking, and to obtain information on the type of glue and fillers.  
[1] V. W Clapp, The Story of Permanent Durable paper, 1115-1970, Restauretor (1972) 
[2] N. Proietti, D. Capitani, E. Pedemonte, B Blumich, A.L. Segre (2004) J. Magn. Res. 170, 113-120.  
[3]K. Castro, S. Pessanha ,N. Proietti, E. Princi ,D. Capitani, M. L. Carvalho and  J. M. Madariaga (2008) Anal 
Bioanal Chem 391, 433–441.  
[4] K. Castro, E. Princi, N. Proietti, M. Manso, D. Capitani, S. Vicini, J.M. Madariaga, M. L. De Carvalho Nucl. 
Instr. Meth. Phys. Res. B Vol. 269, pp. 1401-1410, 2011 
[5] D. Capitani, V. Di Tullio, N.Proietti,  Progr. Nucl. Magn. Reson. Spectrosc., 64, 2012, 29-69. 
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The use of several XRF modalities to investigation 
of paintings: the case study on the Late Gothic panel painting 
H. Bártová(1), T. Trojek(1), T. Čechák(1) , R. Šefců(2) and Š. Chlumská(2)
(1) Czech Technical University in Prague, Department of Dosimetry and Application of Ionizing Radiation, 
BĜehová 7, 115 19 Prague, Czech Republic 
 (2) National Gallery in Prague, StaromČstské námČstí 12, 110 00 Prague, Czech Republic
The presence of heavier chemical elements in old pigments makes it possible for us 
to identify them in paintings using X-ray fluorescence analysis (XRF). This is 
a non-destructive analytical method frequently used in examination of objects that require 
in-situ analysis, whereby it is necessary to avoid damaging them by taking samples.  
There are several X-ray fluorescence techniques/modalities that are beneficial in investigation 
of paintings. The simplest XRF technique involves analysing a selected area of a painting 
with a handheld system [1]. This kind of analysis is easy to perform, but it provides 
information only about the elemental composition in an individual spot. This analysed area 
is usually only a few millimetres in diameter. However, other modalities are available, 
i.e. microanalysis, scanning a selected area, and depth profiling techniques. Surface scanning 
is particularly profitable, because 2D element distribution maps are much understandable 
than the results of individual analyses.  
Information on the stratified structure of the painting can be also obtained with several XRF 
modalities with portable systems. Some of them are based on the differences in X-ray 
absorption in paint layers [2]. Confocal XRF is not considered here, because it is mainly 
associated with immobile devices. 
The described XRF techniques were applied to analysis of panel paintings of the Master 
of the Saint George Altarpiece, who was active with his works in Prague in the seventies and 
the eighties of the 15th century. The analysis of painting technique, including deep knowledge 
of materials used and a comparison with known historic praxis in central Europe, is in this 
case very helpful for attribution and dating of works of Master’s oeuvre. In our poster, there 
are presented results of the material analysis (pigments and materials of gilding) of three 
triangle retables from the Altarpiece from Kadaň (The National Gallery in Prague)[3].  
[1] E. Frahm and R.C.P. Doonan. Journal of archaeological science, 40 (2), 2013, 1425-1434 
[2] T. Trojek, T. Čechák, and L. Musílek. Nuclear Instruments and Methods in Physics Research Section B, 263, 
2007, 76-78
[3] Retables, called from Kadaň, Prague, ca. 1470, tempera, wood, 176x75cm, National Gallery in Prague, Inv. 
Nos. O 7033- 7035; J. Pešina, Gotická desková malba. Praha 1950, p. 25, cat. no. 57-60, p. 160
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Lea Legan(1), Klara Retko(1), Polonca Ropret(1, 2)
(1)  Research Institute, Conservation Centre, Institute for the Protection of Cultural Heritage of Slovenia, 
Poljanska 40, 1000 Ljubljana, Slovenia 
(2) Museum Conservation Institute, Smithsonian Institution, 4210 Silver Hill Rd., Suitland, MD, 20746, 
USA 
When dealing with characterisation of materials present on priceless objects of art, many 
attempts are made towards development of scientific methods, which can be adapted in non-
invasive and non-destructive manner. 
The main focus of this study was utilisation and comparison between non-invasive (reflection 
infrared spectroscopy) and minimally invasive technique (Surface-Enhanced Raman 
Spectroscopy, SERS) in order to understand the ageing behaviour of paint layers containing 
organic dye Alizarin Carmine (Alizarin Red S, sodium alizarin sulphonate). For that purpose,
model paint layers were prepared by mixing the colorant with linseed oil and unfatty egg 
tempera, respectively, and applied as thin transparent layers over already prepared layers of 
cinnabar. Several specimens were subjected to accelerated ageing under well-defined 
conditions in climate chambers. The additional, supporting techniques for the investigation 
were conventional Raman and infrared spectroscopy, electron microscopy with energy 
dispersive spectroscopy (SEM/EDS). 
FTIR measurements in reflection mode were performed directly at the surface of model 
paintings and compared to spectra obtained in transmission mode, in order to better 
understand some anomalies (as a consequence of morphology, surface roughness, thickness of 
the paint layers…[1]) affecting reflection spectra. In addition to non-invasiveness, the main 
advantage of the reflection FTIR technique was the ability to perform the measurements at the 
surface, where the deterioration was better visible, compared to the bulk. It was demonstrated 
that the paint layers deteriorate under exposure to ultraviolet light and oscillations of relative 
humidity and temperature. Degradation was confirmed by both, reflection and transmission 
measurements where changes in hydroxyl, sulphonate and carbonyl groups of Alizarin Red S 
were observed. Interestingly, ageing behaviour of the dye was different in the two different 
binders used. In most of the cases, the intensity of bands belonging to the degraded Alizarin 
Red S was so weak or shifted that would make its positive identification questionable in an 
unknown sample. However, in these cases SERS still offered very good spectra of the dye, 
thanks to the higher sensitivity of the technique. Separately, the formation of sodium sulphate 
resulting in a transparent white layer above the organic dye layer was confirmed in aged paint 
layers when the dye was mixed with linseed oil.
[1] C. Miliani, F. Rosi, A. Daveri, B. Brunetti, Appl. Phys. A, 106, 2012, 295 – 307.
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Patrícia Moita(1), José Mirão(1), Cátia Prazeres(1) and Rui Boaventura(2,3)
(1) HERCULES, Universidade de Évora, Portugal 
 (2) UNIARQ - Centro de Arqueologia da Universidade de Lisboa 
(3) FCT/SFRH/BPD/70542/2010. 
During the Neolithic period amphibolite is a raw material that seems to have been highly 
regarded for its hard and durable qualities, and used in the production of ground stone tools 
[1]. Less noticeable has been the use of amphibolite as building material, namely slabs as 
described in [2]. In fact, this type of rock outcrop is less abundant than e.g. a granite and does 
not allow the extraction of blocks large enough to be used as anchors of medium and big size 
dolmens. Rabuje 5 (R5) is a small dolmen dated to the middle-second half of the 4th 
millennium BCE [3], located in Monforte, (Portugal). This tomb is of particular interest to be 
used as a case study since it was built solely with slabs of amphibolite, and within only 
amphibolite ground stone tools were found. 
This study aims to compare, through µXRD, the provenance of amphibolite artefacts and 
slabs from R5 with those of outcrops located at a distance less than 1000 meters. In this sense 
three ground stone tools (two axes and one adze), two sampled slabs, and one outcrop sample 
were analysed. µXRD is a powerful non-destructive technique that allows the identification of 
crystalline phases of a rock/artefact. Because amphibolite is a very strong anisotropic 
lithology (minerals are aligned defining a lineation) it were performed analyses with the 
samples with several orientation that nevertheless gave similar results. 
The µXRD results (Fig.1), suggests a different provenance for axe and slabs. The mineralogy 
of the slab matches the mineralogy of the nearby outcrop (namely hornblende and albite), 
whereas the axe diffractogram does not exhibit hornblende but actinolite. In a preliminary 
conclusion the slabs come from the studied and nearby outcrop; similar mineralogical 
composition, and compatible dimensions, however axe was produced from different 
source/outcrop. 
Figure 1- Diffractograms from outcrop, slab from R5 and axe found in R5. 
Financed by MEGAGEO (PTDC /EPH-ARQ/3971/2012) and LARES(ALENT-07-0224-FEDER-001761) 
[1] A. Alillios., Geoarchaeology: An International Journal, 1997, 137-163 
[2] R., Boaventura, P. Moita, Geophysical Research Abstracts EGU, 2012, 14 
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E. Console(1), A. Tonazzini(2), E. Salerno(2),  P. Savino(2) and F. Bruno(3)
(1) TEA Sas di Elena Console & C., C.da S. Domenica 48e, 88100 Catanzaro, Italy 
(2) National Research Council of Italy, ISTI, Via Moruzzi 1, 56124 Pisa, Italy  
(3) University of Calabria, DIMEG, Via Bucci, cubo 46c, 87030 Arcavacata di Rende, Italy. 
Optical imaging is one of the less expensive and less invasive techniques to capture 
information from tangible cultural heritage. An additional advantage is that it is faster than 
many other methods, providing comprehensive maps of the quantities under study in just one 
or a few steps. More specialized techniques, such as chemical analysis or spectroscopy, are 
capable of much more accurate and reliable measurements; on the one hand, however, these 
pointwise techniques often need a panoramic pre-diagnostics to find the areas of interest; on 
the other hand, diversity imaging complemented by appropriate processing techniques is often 
able to extract information that can well provide for the diagnostic needs at hand. 
In this presentation 3D and multispectral imaging are treated, since 3D spatial and spectral 
data allow us to extract information on the conservation, the structure and the composition of 
the object studied. Moreover, details that are invisible to the naked eye can emerge without 
damaging the object. For example, IR light can penetrate the surfaces, thus revealing invisible 
details such as pentimentos, sinopias or underdrawings in paintings. Also, by IR light we can 
distinguish different materials, such as iron- and carbon-based inks in ancient documents, or 
reveal the presence of biological or non-biological contaminants. As another example, an UV-
fluorescence image can discriminate between apparently similar pigments, thus helping the 
historical and critical study of the artifact. 3D imaging, finally, allows us to study an object 
through its digital model, thus determining its deformation, the presence of flaws or cracks, 
and other features. Many of the possibilities mentioned are now long established [1]. What is 
relatively new in cultural heritage conservation is the integrated use of all the available 
channels together, to extract information patterns that are not detectable in any of the channels 
if analyzed alone. To this end, we have been studying and employing a number of processing 
algorithms that are capable of transforming the "color" layers in the raw image to coherent 
"information" layers in the processed output, sometimes with the help of the associated 3D 
information [2]. These algorithms range from the necessary multiple spatial colocation, 
through simple color space manipulation, to sophisticated statistical procedures applied to 
both the spectral and the spatial features of the input image. We also built an integrated 3D-
multispectral capture system [3]. In this presentation, we describe this system and the 
numerical procedures we have been using in several applications, and report the results 
obtained in some real case studies. 
Work supported by European funds, through POR Calabria FESR 2007-2013 - PIA Regione 
Calabria, project ITACA (Innovative Tools for cultural heritage ArChiving and restorAtion). 
[1] A. Pelagotti, A. Del Mastio, A. De Rosa, A. Piva, IEEE Signal Processing Magazine 25(4), 2008, 27.
[2] S. Legnaioli, G. Lorenzetti, G. H. Cavalcanti, et al., Heritage Science 1, 2013, 33.
[3] G. Bianco, F. Bruno, M. Muzzupappa, J. Cultural Heritage 14, 2013, 190.
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Catacombs of San Gennaro: multi analytical investigation of
decorated plasters 
Romana Albini(1), Valeria Ciao(1), Vincenza Crupi(2), Mauro Francesco La Russa(3),
Francesca Longo(2), Andrea Macchia (1), Domenico Majolino(2), Barbara Rossi(4),
Silvestro Antonio Ruffolo(3), Antonino Pezzino(5) and Valentina Venuti(2)
(1) YOuth in COnservation of CUltural Heritage – YOCOCU, Largo dei Quintili 21, 00175 Roma, info@yococu.com 
(2) Dipartimento di Fisica e di Scienze della Terra, Università degli Studi di Messina, Viale Ferdinando Stagno 
d’Alcontres 31, 98166, Messina, Italy. 
(3) Dipartimento di Biologia, Ecologia e Scienze della Terra (DiBEST), Università della Calabria,  Via Pietro Bucci, 
87036 Arcavacata di Rende (Cs), Italy. 
(4) Elettra - Sincrotrone Trieste, Strada Statale 14 km 163.5, Area Science 70 Park, 34149 Trieste, Italy and 
Dipartimento di Fisica, Università di Trento, via Sommarive 14, 38123 Povo, Trento, Italy. 
(5) Dipartimento di Scienze Biologiche, Geologiche e Ambientali,Sezione di Scienze della Terra,Università degli 
Studidi Catania,Corso Italia 57, 95129 Catania, Italy 
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Transdisciplinary Indexing of 
Cultural-Historical Collections 
Sonja Krug(1,2), Oliver Hahn(1,3)
 Federal Institute for Materials Research and Testing (BAM), Division 4.5 Analysis of Artefacts and 
Cultural Assets, Unter den Eichen 44-46, 12203 Berlin, Germany 
 Humboldt Universität zu Berlin, Cluster of Excellence Image Knowledge Gestaltung. An 
interdisciplinary Laboratory, Sophienstraße 22a, 10178 Berlin, Germany 
 Centre for the Study of Manuscript Cultures, CSMC, Warburgstraße 26, 
20354 Hamburg, Germany 
This project is part of the Cluster of Excellence »Image Knowledge Gestaltung« at the 
Humboldt Universität zu Berlin (1) in collaboration with the BAM and Art Library, State 
Museums of Berlin. Aim of this project is to explore the process of transdisciplinary indexing 
of cultural-historical collections, with different disciplines and their divers methodological 
attempts. To optimize the trans-disciplinary teamwork a digital working environment will be 
created, with the documentation and results of all researchers. Furthermore the added value of 
trans-disciplinary work is in discussion: do we learn more about the objects because of the 
team-results or because of the disciplinary results? Do we improve the knowledge of the 
objects and materials through more data and therefore expand the understanding of the 
objects? And can we link consequences for the status and public perception of a collection?
Test case for the project is the “Lipperheide Costume Library”, a collection of paintings and 
artifacts of fashion and costume history at the Art Library, State Museums of Berlin. 
Participating disciplines are interaction design, computer sciences, art history, fashion history, 
restoration-conservation, art technology and material sciences.
This poster will represent the project and show some results regarding the art technology and 
material sciences. For the pigment characterization we used X-ray-fluorescence spectroscopy, 
raman spectroscopy and colour spectrometry. Underdrawings and pentimenti were shown by 
multispectral imaging and digital radiography. 
Selection of paintings in the working environment as 
from 2014. Created by Lena Bonsiepen, computer 
sciences. 
(1) https://www.interdisciplinary-laboratory.hu-
berlin.de/en/base-projects/transdisciplinary-indexing-
cultural-historical-collections
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 T. Čechák(1), I. Kopecká(2), T. Trojek(1), T. Štanzel(2), R. Prokeš(1) and 
H. Bártová(1)
 (1) Czech Technical University in Prague, Břehová 7, 11519 Prague 1, Czech Republic 
(2) National Technical Museum, Kostelní 42, 170 78 Prague 7, Czech Republic 
The paper summarizes the experiences of the authors with X-ray fluorescence analysis in 
investigating of hand-colored historical photographs by means of portable spectroscopic 
devices, 2D mapping and confocal micro X-ray spectroscopy. ATR-FTIR was used for 
determining the organic components in the surface layer of the photographs.  
Hand-colored photographs refer to any methods of manually adding color to a black-and-
white photograph. With the use of XRFA, it is possible to obtain information about the 
pigments used for coloring the photographs. Watercolors, crayons, pastels, and other pains or 
dyes are typically applied to the surface of the image. Hand-colored photographs originate 
from the central Europa mainly between 1860 and 1940. The influence of Vienna 
photographic schools is obvious at the beginning of second half of nineteen century.  
XRFA is frequently used for 2D mapping of photographs. The photographs were scanned, 
and the distribution of elements across the sample was measured. This technique was used for 
investigating the distribution of interesting pigments over large areas. Depth resolved 
information on elemental distribution is acquired by confocal XRFA, so called 3D µ-XRFA. 
This is a modification of the 2D method with an optical system. The first polycapillary lens is 
placed before the X-ray tube, as usual. The second optical polycapillary element is placed in 
the detector channel. The position of the two systems defines the volume in which the 
characteristic radiation is excited and from which it is detected. The position of the selected 
volume is defined by the position of the axes of the two systems. The position of the 
measured volume can be changed by shifting the exciting and the detecting system. This 
technique was used for investigating the profiles of the photographs.   
The National Technical Museum in Prague preserves a large collection of colored historical 
photographs. One of the items in the photographic collection is a herbarium, created in Prague 
in the second half of the 19th century by F. Fridrich, publisher and court photographer. The 
herbarium consists of 70 sheets - colored photographs of trees and flowers or groups of 
flowers, affixed on cardboards. Herbarium sheets were analysed from several points of view 
and by using different analytical techniques. Albumen process has been confirmed both by 
optical microscopic observation and by FTIR spectroscopy; the binder of watercolor painting 
(Arabic gum) was analysed by used FTIR spectroscopy. Both inorganic and organic pigments 
were identified by using the combination of XRFA (2D and partly 3D µ-XRFA) and FTIR 
spectroscopy. The distribution of individual elements from inorganic pigments and scattering 
of bonds characteristics for specific organic pigments or dyes have been documented by 
mapping in the area. 
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Spectrophotometry, hyperspectral imaging and 
profilometry database of blank tempera paint mock-ups 
T.Rivas(1), A.Herrera(2), D.Barral(1), I.Guerra(3), N.Navas(4), S. Pozo(5) and 
C.Cardell(2)
(1) Dpt. Ingeniería de Recursos Naturales y Medioambiente, ETSI Minas, University of Vigo, 36310 Vigo, Spain. 
(2) Dept. of Mineralogy and Petrology, Faculty of Science, University of Granada, 18071 Granada, Spain. 
(3) Scientific Instrumentation Centre, University of Granada, 18071 Granada, Spain 
(4) Dept. Analytical Chemistry, and Biomedical Research Institute of Granada (IBIG), University of Granada, 
Faculty of Science, E¬18071 Granada, Spain. 
(5) Lab. Laser Industrial Applications. CIT, Dpt. Industrial Engineering. EPS, University of A Coruña. Spain 
Keywords: paint mock-ups, hyperspectral imaging, profilometry, spectrophotometry, cultural heritage 
At present non-invasive spectroscopic and imaging techniques are highly valuable tools to 
gain knowledge on historical painting composition and monitor changes that occur in their 
surfaces. Profilometry provides high resolution roughness data of sample surface which are 
crucial to evaluate for instance surface changes due to weathering mechanisms. Hyperspectral 
imaging technique allows spectral and colorimetric characterization of painted surfaces being 
used to identify paintings materials and examine their conservation state. Spectrophotometry 
applied on paintings is mainly applied for recording color changes. Nonetheless studies on 
color variations of outdoor paintings exposed to urban and marine atmospheres still are 
limited [1]. One of the main potentials of colorimetric methods and surface analyses in 
preventive conservation of painting heritage is to combine them with natural and artificial 
ageing tests using paint mock-ups to evaluate their modifications.  In the framework of a 
research line devoted to study the impact of urban and marine aerosols on outdoor paintings, 
we present here an analytical database made of data acquired with spectrophotometric, surface 
profilometry and hyperspectral imaging techniques from blank paint mock-ups. These are 
binary mixture samples, simulating tempera paints prepared by mixing either egg yolk or 
rabbit glue binder with 22 pigments of different grain sizes: white (lead white, chalk and 
gypsum), blue (lapis lazuli, azurite, smalt), green (malachite) and red pigments (haematite, 
minium, cinnabar). 
All applied techniques allowed distinction between pigments and confirmed the influence of 
both binders on the paint superficial properties, and consequently on the color and reflectance 
of the paintings. Thus, the color of the diverse pigments varied depending on the binder used: 
white and red samples prepared with egg yolk usually show greater lightness than those 
prepared with rabbit glue. Conversely, in paintings comprising blue pigments, lightness was 
lower in egg yolk-bearing samples than in rabbit glue-bearing samples. Also, chroma changes 
showed dissimilar trends depending on the binder used. These differences can be related to 
the variability in roughness data detected by profilometry: lightness variations are closely 
related to roughness, thus, in almost all cases, the higher the lightness the higher the 
roughness. Hyperspectral analysis supported these findings. The combined application of 
these three techniques constitutes an interesting approach aimed at characterizing the color of 
paintings, identifying the influence on color of the surface state and providing baseline data to 
assess changes due to ageing.
Acknowledgements: Research Groups RNM-179 and FQM-118, and Research Projects 
AERIMPACT (CGL2012-30729) and EXPOAIR (P12-FQM-1889) for financial support. 
[1] G.D. Smith, J.H. Clark, J. Cult. Herit. 3, 2002, 101-105.
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.H\ZRUGV: paint mock-ups, salt deterioration, marine aerosol, atmospheric pollution, pigments 
Salt solutions are one of the most damaging degradation agents for wall paintings. Moreover 
in open-air paintings exposed to coastal areas the impact of marine atmospheres enhances 
their physico-chemical weathering. Salt crystallization may lead to efflorescences and stains 
on the painting surface but also to chemical alteration of the painting materials which usually 
causes color changes. Chemical degradation studies of pigments by reacting with salts are 
scarce [1]. Furthermore, literature dealing with pigment-binder interactions under marine 
aerosols is lacking. This work is made to gain knowledge on the interaction between tempera 
paint mock-ups and a marine salt spray, paying special attention to the relationship between 
pigments and binders. Paint mock-ups were prepared mixing 22 pigments of different colors 
(cinnabar, hematite, lead oxide, gypsum, calcite, white lead, azurite, cobalt glass, lapislazuli 
and malachite) with either rabbit glue or egg yolk binders. For certain pigments diverse grain 
sizes were tested to check the influence of crystal sizes on the paints salt weathering.
An ad hoc salt-spray ageing test was designed for this purpose using a controlled atmosphere 
chamber based on that described in [2]. Although sea water has to be used to simulate realistic 
coastal conditions, we started applying pure NaCl solution (30g/L NaCl) in order to simplify 
the study. Paint mock-ups were salt-spray aged during one month. Before and after the test 
samples were analyzed with: X-ray diffraction (XRD), X-ray photoelectron spectroscopy 
(XPS), attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR), 
color measurements and hyper-spectral images. Exposure to salt spray has led in some 
samples to mineralogical changes. Thus, we found: a) formation of new mineral species, such 
as mercury chloride in egg yolk- cinnabar samples, and malachite in azurite-bearing samples, 
and b) changes in the hydration state of pigments, mainly gypsum and white lead. XPS also 
confirmed changes in the chemical environment of elements of those pigments most affected 
by the test. FTIR revealed a decrease in the intensity and definition of bands assigned to both 
binders, which indicates that the salt ageing test also affected the stability of the binders. 
Color measurements and hyperspectral image data confirmed modification of the color in all 
samples. Values of total color change (∆Eab) were mostly higher in samples prepared with egg 
yolk, with changes usually associated to chroma variations, suggesting a chemical and 
mineralogical deterioration of the pigments. 
Acknowledgements: Research Groups RNM-179 and Research Projects AERIMPACT 
(CGL2012-30729) and EXPOAIR (P12-FQM-1889) for financial support. 
[1] E. Kotulanová, P. Bezdicka, D. Hradil, J. Hradilová, S. Svarcová, T. Grygar. J Cult Herit. 10, 2009, 367–378.
[2] T. Rivas, B. Prieto, B. Silva and J. M. Birginie. Weathering of granitic rocks by chlorides: effect of the nature 
of the solution on weathering morphology. Earth Surf. Process. Landforms 28, 425–436 (2003). 
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The wooden churches painted in fresco, both internally and externally, from Romania,
represent an unique heritage category with a special conservation concern. The wooden 
church from the Ioneştii Govorii village, Vâlcea county, Oltenia region, Romania, built in 
1770, is one of them (fig.1).
Analytical approach of the historical monument has allowed the identification of the materials 
and of fresco technique of the mural painting as well as its state of conservation. The methods 
of investigation were: macroscopic analysis, optical microscopy, pXRF, FT-IR with reflection 
and ATR modules, XRD, SEM-EDX. The analysis carried out in situ showed that the 
monument is in an advanced state of degradation caused by the lack of maintenance, 
landslides and microclimate factors, being remarked the gaps on large surfaces in fresco and 
its massive detachments from the wooden walls. Due to the fact that the presence of water in
the church walls and in the air is dependent on rainfall and the thermal regime, colonization of 
wood by microorganisms is not an ongoing process. Non germinated spores of filamentous 
fungi there are on the surface of the wooden structure. In experimental conditions, it was 
proved that they are able to germinate and colonize the wood. The fungal spores come from 
atmosphere and from wax drops already colonized by strains belonging to the following 
genera: Aspergillus, Penicillium, Ulocladium and Cladosporium. Even that these strains are 
involved in biodegradation of wax they are dangerous for the wooden structure because are 
able to produce hydrolytic enzymes. The hyphae have been also found in SEM images on the 
cross sections in mortar (2-3 mm thick) as well as on the surface of the pictorial layer (fig.2).
The presence of gypsum and oxalate on the surface of the mural painting was found using 
specific analytical methods. The mortar of the fresco has in composition carbonated lime with 
a fine granulation, as binder, siliceous fragments with quartz, feldspar and mica minerals and 
porous fine-grained limestone fragments, as aggregate, and tows (fig.3). In the binder mass, 
parts of the mineral nature of the bodies called bioclastic belonging to Foraminifera, and 
fragments of shells are conserved. The pigments of the painting are based on iron and lead.
Fig.1. The vault of the altar, on the east   Fig.2. Mycelium on the pictorial layer Fig.3. SEM image of the mortar 
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Lapis lazuli is a blue semi-precious stone that due to its peculiar color and for its rareness 
have been used for more than 7000 years for the manufacturing of precious objects and jewels 
(beads, gems, seals, small decorative artworks, etc). The identification of the quarry of 
provenance of ancient lapis lazuli artefacts is, on one hand, of the great interest to 
archaeologists and art historians, on other hand, a debated problem of archaeometry.  
To solve the issue a long term systematic characterization of lapis lazuli samples of known 
provenances was started in 2008 in the framework of a large collaboration, in order to create a 
database for the provenance recognition [1-3]. The main results obtained from tens of rock 
samples from four quarries and hundreds of analysis points are summarized in this work. To 
find occurrence of minero-chemical markers discriminating different quarry districts, multi-
technique approach was adopted.The most important results were obtained by means of μ-
PIXE and μ-XRF analysis. These two techniques are able to obtain information on 
mineralogical phases in lapis lazuli, they carried out comparable results about the 
quantification of major and trace elements and they are non-invasive techniques usable also 
on artworks [4]. In particular the strongest markers found 
are: about mineralogical phases the widespread presence of 
wollastonite in Chilean lapis lazuli and the presence of iron 
oxide-hydroxide in the Lake Baikal samples; about trace 
elements in diopside, a higher contents of Ti (>3000 ppm), 
V (> 400 ppm), Cr (>400 ppm) and Mn (>900 ppm) in 
Afghan samples and a higher contents of Fe (>5000 ppm) 
and Sr (>160 ppm) in Lake Baikal samples; about trace 
elements in pyrite, a higher quantity of Ni (>500 ppm) and 
a lower quantity Cu (<200 ppm) in Afghan samples 
respects to Tajikistan samples. 
[1] A. Lo Giudice et al., Anal Bioanal Chem 395(7), 2009, 2211-2217. 
[2] A. Re et al., Nucl Instr Meth B 269(20), 2011, 2373-2377. 
[3] A. Re et al., Appl Phys A 111(1), 2013, 69-74. 
[4] D. Angelici et al., 2015, accepted for publication on Microscopy and Microanalysis. 
Fig.1: μ-PIXE experimental setup at 
INFN-LABEC in Firenze.
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Analysis of the degradation of the soapstone Prophets of 
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Congonhas (Minas Gerais) is notable for its basilica - the Santuário do Bom Jesus de 
Matosinhos - and associated soapstone sculptures which were created by Aleijadinho, one of 
the best artists in the baroque style in Brazil. The twelve sculptures of old testament prophets 
around the terrace are considered amongst his finest work.  
In 1985 UNESCO granted the Sanctuary the title of a World Heritage Site. 
This work deals specifically the physico-chemical evaluation of the conservation status of the 
sculptures in soapstone and the correlation of that with the environmental air pollution impact 
in the region of Congonhas.  
The methodological approach for the technical study of Prophets is the following: digital 
scientific imaging documentation of the surface studied, under visible light as well as USB 
surface microscopy; SEM-EDX analysis on samples of stone surface, with the presence of 
degraded parts; in situ chemical analysis with a portable X-ray fluorescence spectrometer 
(EDXRF) of selected area of the sculptures, in order to obtain the composition of the stone 
and of the components due to the stone degradation, as well as of dirtiness deposits and 
contaminants.  
Fig. 1: Prophet Baruc and detail of stone 
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Samples from the painted ceiling of the "Sala dei Baroni" from the Palazzo Chiaramonte, 
Palermo, were analysed [1,2] by Raman microscopy, optical microscopy, FTIR, GC-FID and 
SEM-EDX in order to identify pigments and materials present in the various layers, i.e. 
surface varnish, pictorial layers and wood. The samples were taken from three of the twenty-
four wooden beams and surrounding decorated elements. The ultimate purposes of the 
analyses were: i) to determine whether any original paint layers were present anywhere in the 
samples and if and when any later conservation intervention had been carried out; ii) to gain 
knowledge on both the constitutive materials and the building techniques, in view of the 
restoration of the whole ceiling.   
Optical microscopy highlighted the presence of a very simple stratigraphic structure involving
one or more ground layers and one or occasionally two pictorial layers. The pigments were 
identified by Raman microscopy and include azurite, indigo, carbon black, anhydrite, 
gypsum, vermilion, orpiment and red lead. No obvious repaintings were seen and no modern 
(i.e. post-1700) pigments were detected. FTIR and GC-FID revealed that the ground was a 
mixture of gypsum and animal glue and pictorial layers were egg tempera. All of the samples 
showed the presence of a thick varnish probably applied during a past restoration a few 
decades ago. The varnish has absorbed dust and dirt over the years, altering significantly the 
appearance of the painted surfaces. It was identified by FTIR as a ketonic resin and this result 
allowed the proper procedure to be chosen by which to effect its removal.
Unless the painted ceiling had completely lost all traces of the original paintwork and was 
repainted using traditional materials at a later stage, what is seen in the cross sections is all 
original except for the modern varnish present on the surface. 
[1] R. Mateo Castro, M.T. Domenech Carbo, et al., Joumal of Chromatography A(778), 1997, 373-381.
[2] J. S. Mills, R. White, - The organic chemistry of museum objects, Butterworth-Heinemann, Oxford (2003)
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In research and in actual conservation practice, conservators have to choose adequate 
methodologies for carrying out treatments successfully, while respecting the integrity of 
artworks. Besides the knowledge of the authentic materials present in each artwork, 
conservators must be able to choose appropriate conservation materials and methods. 
The scientific investigations aimed to the study, characterization and conservation of 
archaeological and artistic finds are in general based on a strong interdisciplinary approach, 
and they allow, beside storical and artistic evaluations, to answer to questions about the 
dating, the painting materials and technique, authors, artistic production area or movements or 
schools and also about authenticity of antique paintings. 
The aim of this research was to assess the techniques used to decorate the wooden painting 
and to verify the state of preservation of the finishing materials of the artwork. 
For that reason an integrated analytical approach based on the use of non-invasive and micro-
invasive techniques was used, with the aim to obtain a characterization of the wooden panel, 
to elucidate the painting technique, including the stratigraphic sequence of the pigments and 
the organic binders employed, the state of preservation, the possible decay processes and the 
possible additions made during previous restorations. 
The painting on wood panel ‘’ Ritratto muliebre’’, referring to Venus, attributed to unkown 
artist and probably dated 1500-1600, is conserved in the Galleria Interdisciplinare Regionale 
della Sicilia-Palazzo Mirto di Palermo. 
Micro-fragments of the painted material were analyzed by several analytical techniques: 
optical microscopy, scanning electron microscopy (SEM-EDAX), FTIR spectroscopy. 
One of the aims of the study was also to help clarifying the authenticity of the manufact and if 
whether or not it was a copy , a reproduction of the 19th century. 
Data suggest traditional painting technique, characterized by two priming preparatory layers 
(ammannitura) on a single wooden panel, an engraved preparatory drowing and a paint layer 
oil containing medium. Pigments analysis supports the hypothesis of a painting of the XVI 
century, even though some incompatible elements suggest evident additions dated XIX and 
XX century. 
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In the Antique period, soda lime glass was prepared with natron, a mineral source rich in soda 
carbonate. Towards the end of the 8th century the import of trona from Egypt to Europe was 
interrupted and European glasshouses started to experiment with new ingredients. The ash of 
wood logs from the Central European forests was used as fluxing agent together with quartz 
(silica) in order to produce a new type of glass. Thus, Central Europe medieval glass is often 
called wood ash glass and sometimes potash glass due to its high K-content of the wood ash. 
In order to verify a number of recipes for Central European medieval glassmaking, different 
types of glass were experimentally synthesized on the basis of modern and/or historically 
correct raw materials. The chemical analysis of historical glass (mostly archaeological finds 
and fragments of window panes) and the archival research on ancient treatises, in which 
glassmaking recipes are described, were the two main sources of information for the present 
investigation. The resulting self-synthesized glass and glassy materials were chemically 
analyzed and their composition compared with literature data on original medieval glasses.  
Several recipes were identified and experimentally evaluated, starting from the raw materials. 
As fusing temperature 1250°C was used. The refinement of the recipes was performed in order 
to obtain glass with a composition comparable to one of the medieval glass types. Beech ash 
was found to be the most suitable type of wood ash for glassmaking when only sand and ash 
are used as starting materials. Both recipes employing a 1:1 and 1:2 sand:ash ratio can be used 
to synthesize wood ash glass. To reach the typical high K2O concentration values of medieval 
glass, the addition of a third ingredient, rich in potassium, was needed. 
The data gathered during the above-described glass synthesis experiments demonstrates the 
complementary roles glass synthesis and glass analysis can play in the investigation on 
historical glass and in efforts to reconstruct historical recipes for glassmaking.    
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Maria Teresa Doménech-Carbó, Milagros Buendía-Ortuño, 
Trinidad Pasies-Oviedo, Laura Osete-Cortina and Antonio 
Doménech-Carbó
P2-3 APPLICATION OF SOL-GEL METHOD FOR THE CONSERVATION OF METALS
Erika Kiele, Jurate Senvaitiene, Rimantas Raudonis, Asta 
Griguceviciene, Rimantas Ramanauskas and Aivaras Kareiva
P2-4 Non-destrutive analysis of selected 15th century Spanish panel paintings
Anabelle Kriznar, María Del Valme Muñoz Rubio, Miguel 
Ángel Respaldiza and Mercedes Vega
P2-5
ATR-FTIR spectroscopic imaging with variable angle of 
incidence for depth-profiling of samples of relevance for 
Cultural Heritage
Alessandra Vichi and Sergei Kazarian
P2-6 XPS and XRD diagnostic investigations  for the conservation 
of archaeological artifacts
Maria Pia Casaletto, Claudia Cirrincione, Letizia Livoti and 
Annalisa Arcara
P2-7
Multianalytical methodology applied to the characterization of 
the original composition and pathologies present in early 20th 
century concrete from the inside of Punta Begoña Galleries 
(Getxo, North of Spain)
Cristina Garcia-Florentino, Maite Maguregui, Hector Morillas, 
Julene Aramendia and Juan Manuel Madariaga
P2-8 A non-invasive approach to the study and characterization of the Antonio Stradivari handwritings
Fausto Cacciatori, Marco D'Agostino, Giusj V. Fichera, 
Claudia Invernizzi, Maurizio Licchelli, Marco Malagodi and 
Tommaso Rovetta
P2-9 Large area microcalorimeter array for particle induced X-ray 
emission spectroscopy
Mikko Palosaari, Marko Käyhkö, Mikko Laitinen, Ilari Maasilta 
and Timo Sajavaara
P2-10 Gamma-ray angular distribution for PIGE analysis Paula R. P. Allegro and Marcia De Almeida Rizzutto
P2-11 Study of the artworks conservation by EDXRF mapping 
analysis: the case of Villa dei Quintili frescos (Rome)
Eleonora Giavardi, Mauro F. La Russa, Maurizio Licchelli, 
Marco Malagodi, Roberto Alberti, Luca Bombelli and 
Tommaso Frizzi
P2-12 Microstructural characterization of two intact Japanese swords through neutron techniques
Elisa Barzagli, Francesco Grazzi, Filomena Salvemini, Vadim 
Davydov, Anders Kaestner, Francesco Civita, Eberhard 
Lehmann and Marco Zoppi
P2-13
Differentiating Black: The application of Fibre Optics 
Reflectance Spectroscopy (FORS) in the study of iron gall inks 
used in copy letters.
Agathi Anthoula Kaminari, Athina Alexopoulou and Ioannis 
Sianoudis
P2-14 Fatty Acid Efflorescence on Contemporary Photoworks Evert Bastiaan Reijers and Leonardus W. Jenneskens
POSTER SESSION 2: WEDNESDAY 29 APRIL 2015
P2-15 Nanoparticle-modified shellac for protection  of wood surface Maurizio Licchelli, Marco Malagodi, Chiara Milanese and Maduka L. Wheththimuni
P2-16 Study of ancient metal samples from Valle delle Forme
Daniela Di Martino, Enrico Perelli Cippo, Irene Uda, Maria Pia 
Riccardi, Alberto Paleari, Roberto Lorenzi, Antonella 
Scherillo, Costanza Cucini and Giuseppe Gorini
P2-17
A protocol for investigating the photo-luminescent properties of 
historical Zn-based semiconductor pigments and paintings 
containing Zn whites
Sara Bellei, Austin Nevin, Anna Cesaratto, Valentina 
Capogrosso, Rebecca Capua, Gianluca Valentini, Marco 
Leona and Daniela Comelli
P2-18 Synthesis of Forsterite and Enstatite  Pigments for Glaze Colors
Manuela Catalano, Andrea Bloise, Domenico Miriello, 
Nicoletta Chiarelli and Gino Mirocle Crisci
P2-19 Ammonium phosphate applied to carbonatic substrates: a 
study of crystallized calcium phosphates
Elena Possenti, Giuliano Angella, Danilo Bersani, Moira 
Bertasa, Alessandra Botteon, Chiara Colombo, Claudia Conti, 
Pier Paolo Lottici and Marco Realini
P2-20 Engineered nano-Graphene for the cleaning of paintings Francesca Volpi, Aldrei Boaretto, Giorgia Sciutto, Federica Valentini, Silvia Prati and Rocco Mazzeo
P2-21
The role of the analytical tools for the laser restoration of 
selenite ornamental elements from the Minoan palace of 
Knossos
Ioannis Grammatikakis, Kristalia Melessanaki, Aggelos 
Filippidis, Kostas Hatzigiannakis, Paraskevi Pouli and 
Konstantinos Demadis
P2-22 Archaeometric study of Hispano-Moresque tiles from Portuguese and Spanish collections
Susana Coentro, Bernard Gratuze, Luís C. Alves, Rui C. Da 
Silva and Vânia S.F. Muralha
P2-23 Cleaning Materials: a preliminary study of different Agar powders
Moira Bertasa, Alessandra Botteon, Oscar Chiantore, 
Tommaso Poli, Chiara Riedo, Antonio Sansonetti and 
Dominique Scalarone
P2-24 Green Pigments in Egg Tempera Technique:  Study of 
accelerated aging by physicochemical methods
Eleni Likartsi, Labrini Malletzidou, Konstantinos M. 
Paraskevopoulos, Triantafillia Zorba, Georgios Vourlias and 
Nikolaos Nikolaidis
P2-25 An in-situ multi-analytical approach in the restoration of bronze 
artifact
Paola Letardi, Barbara Salvadori, Monica Galeotti, Andrea 
Cagnini, Simone Porcinai, Alessandra Santagostino Barbone 
and Antonio Sansonetti
P2-26 Clay grounds in paintings: from Northern to Southern Europe David Buti, Anna Vila, Anne Haack Christensen, Troels Filtenborg, Loa Ludvigsen, Kim N. Dalby and Jørgen Wadum
P2-27 Microchemical study on the light ageing of egg yolk-based paints
María Teresa Doménech-Carbó, Annette S. Ortiz-Miranda, 
Laura Osete-Cortina, Miguel F. Silva and Antonio Doménech-
Carbó
P2-28 The presence of Cu, Fe and Ca in XV century Italian paper 
and their impact on the optical properties
Lorenzo Teodonio, Anna Candida Felici, Joanna Lojewska, 
Maria Cristina Misiti, Piero Colaizzi, Adriano Mosca Conte, 
Olivia Pulci, Claudia Violante and Mauro Missori
P2-29
Material Characterization of the Late Roman Wall Painting 
Samples from Sinop Balatlar Church Complex in the Black 
Sea Region of Turkey
Meriç Bakiler, Burcu Kırmızı, Özden Ormancı, Özge Hanyalı, 
U÷ur Alanyurt and Gülgün Köro÷lu
P2-30 Multi-modal non-invasive examination of Chinese export paintings
Sotiria Kogou, Andrei Lucian, Lucia Burgio, Kate Bailey, 
Charlotte Brooks and Haida Liang
P2-31 A portable XRF scanner for material composition analysis
Anna Mazzinghi, Chiara Ruberto, Lisa Castelli, Caroline 
Czelusniak, Nicla Gelli, Lorenzo Giuntini, Pier Andrea Mandò, 
Lara Palla and Francesco Taccetti
P2-32
Archaeometric approach to study the “skin” of Baroque 
buildings: characterization of ancient finishing techniques of 
Lecce (Puglia, Italy).
Giuseppe Egidio De Benedetto, Daniela Fico and Antonio 
Pennetta
P2-33
Damage assessment of parchment: a novel diagnostic 
approach at the nanoscale based on Atomic Force Microscopy 
and Localised Thermal Analysis
Angelica Bartoletti, Marianne Odlyha, Jonathan Knowles, 
Kathleen Mühlen Axelsson, René Larsen and Laurent Bozec
P2-34 CT examination of two Vatican Egyptian child-mummies: fake 
or authentic archeological finds?
Sveva Longo, Alessia Amenta, Fabio Morresi and Ulderico 
Santamaria
P2-35 Synthesis of yellow and red ochre - recipes and recognition: a preliminary investigation
Michela Botticelli, Gaia Appolloni, António Candeias and 
Adriana Maras
P2-36 Raman and FTIR microspectroscopy of Roman wall paintings from selected sites in Slovenia Maja Gutman and Sabina Kramar
P2-37 2D-Fluorescence studies of neat binding media and simulated paint mixtures
Serena Carlesi, Aggelos Philippidis, Maurizio Becucci, 
Marilena Ricci and Anglos Demetrios
P2-38 Combined THz and LIPS analysis of corroded archaeological bronzes Ilaria Cacciari
P2-39 Laser triangulation and time-lapse photography as methods for the on-site analyses of climate-induced material changes Katharina Kuntz
P2-40 Provenance study of volcanic stones by texture analysis: a 
novel application of μ-XRF imaging
Luigi Germinario, Roberto Cossio, Claudio Mazzoli, Lara 
Maritan and Alessandro Borghi
P2-41 Experience with SurveNIR for a mass survey of books produced after 1801
Jitka Neoralová, Lucie Palánková, Magda Souþková, Petra 
Vávrová and Jan Novotný
P2-42 The use of non-invasive analytical methods to study blue dyes in historical objects: the case of woad and indigo Josefina Perez-Arantegui, Andrea Gil and Ana Agreda
P2-43
On the study of red lakes and binders in the mural paintings 
from the Charola of the Convent of Christ (Tomar): preliminary 
results
Ana Manhita, Ana Cardoso, Silvânia Afonso, Cristina Dias, 
António Candeias and Milene Gil
P2-44
Combined trace element and multiple isotopic ratio analysis of 
minute samples for the provenance of raw materials in an Art 
history and Archaeology context
Gareth Davies, Janne Koornneef, Alice Knaf, Huub Baija, 
Joosje van Bennekom, Isabelle Garachon, Petria Noble, Arie 
Pappot, Willem de Ridder, Anna Slaczka, William 
Southworth, Gwen Tauber, Arie Wallert and Robert van 
Langh
P2-45 X-ray microanalysis and Laser Induced Fluorescence applied to the diagnosis of a wooden paste image from XVI Century
María Auxiliadora Gómez-Morón, Pilar Ortiz, Rocio Ortiz, 
Francesco Colao, Roberta Fantoni and Jacques Castaing
P2-46 New Insight of Kings Vault of Alhambra (Granada, Spain) by 
combination of XRD and XRF portable.
María Auxiliadora Gómez-Morón, Pilar Ortiz, Jose María 
Martín, Rocio Ortiz and Jacques Castaing
P2-47
Development of a portable UV-vis/fluorescence spectrometer 
equipped with multiple color light sources and its application to 
the glass works by Émile Gallé
Yoshinari Abe, Arisa Izumi, Hiroko Kobayashi, Mayumi Ikeda 
and Izumi Nakai
P2-48 A scientific study of Calder’s interior painted sculptures Federica Pozzi, Julie Arslanoglu, Nathan Otterson, Kendra Roth and Carol Stringari
P2-49 AFM-sampling-L2MS on Painting Cross-Sections Mattanjah de Vries, Shawn Owens, Jacob Berenbeim, Catherine Schmidt Patterson and Eoghan Dillon
P2-50 Degradation Analysis of Stone Reliefs at the Archaeological Site of Tula, Mexico
Armando Arciniega, Nora Perez, Edgar Casanova, Yareli 
Jaidar, Jaime Torres and Jocelyn Alcantara
P2-51 Raman Spectroscopy of the photosensitive pigment Prussian Blue: evaluating a “safe zone” for analysis.
Giulia Moretti, Nadim Scherrer, Marie-Angélique Languille 
and Claire Gervais
P2-52 Bulk non-destructive elemental analysis using muons Adrian Hillier, Don Paul and Katsu Ishida
P2-53
Deterioration of vegetable-tanned leather investigated by NMR 
MOUSE and micro DSC. Effects of temperature, relative 
humidity and visible light
Elena Badea, Claudiu Sendrea, Cristina Carsote, Lucretia 
Miu and Giuseppe Della Gatta
P2-54 Non-invasive investigation of mineralised artefacts and 
evaluation of novel conservation treatments using OCT
Lucia Noor Melita, Laura Filloy Nadal, Jonathan Campbell 
Knowles and Laurent Bozec
P2-55 Pigments characterization in Russian icons in Greece  (15th-20th CE) using portable laser spectroscopic instruments
Zoi Eirini Papliaka, Panayiotis Siozos, Aggelos Philippidis and 
Demetrios Anglos
P2-56
PERSPECTIVES OF XRF-SPECTROMETRY USING FOR 
THE PRESERVATION OF THE MUSEUMS COLLECTIONS 
CONSISTED OF METAL ITEMS  ( M4 TORNADO BRUKER)
I.A. Saprykina and L.A. Pelgunova
P2-57 Using instrumental methods in authentication ecclesial heritage (XRF, OM, SEM- EDX, FT-IR) Nicoleta Vornicu and Cristina Bibire
P2-58 SERS and 2D-Fluorescence for the investigation of 
aminoacids and egg proteins Aggelos Philippidis, Zoi Eirini Papliaka and Demetrios Anglos
P2-59 The development of portable instruments within the framework 
of a Bilateral Project Italy-Serbia
Stefano Ridolfi, Maja Gajic Kvascev, Velibor Andric and 
Daniela Korolija Crkvenjakov
P2-60 Exploring the kinetics of the luminescence emission from historical red lake pigments
Sara Bellei, Daniela Comelli, Anna Cesaratto, Ilaria Bargigia, 
Cosimo D'Andrea and Austin Nevin
P2-61 LIBS as a tool to investigate seasonal composition fluctuations in marine mollusk shells
Olga Kokkinaki, Niklas Hausmann, Geoffrey Nigel Bailey, 
Costas Fotakis and Demetrios Anglos
P2-62 XRF and LIBS study of surface enrichment in Frankish silver 
coins
Vasiliki Kantarelou, Panayiotis Siozos, Richard Jones, 
Andreas Karydas and Demetrios Anglos
P2-63
Integration of microscopic (LM, ESEM) and multi-analytical 
techniques (EDX, FTIR, GC/MS) to study the polychrome 
stone sculpture of the Renaissance age from Southern Italy
Angela Calia, Mariateresa Lettieri, Maurizio Masieri, Davide 
Melica, Giovanni Quarta, Fabrizio Vona and Giuseppe Egidio 
De Benedetto
P2-64 Hybrid inorganic-organic coatings based on PMMA for the protection of sandstones
Silvia Alinovi, Andrea Lorenzi, Ilaria Alfieri, Federica Bondioli, 
Giovanni Predieri, Laura Bergamonti, Danilo Bersani and Pier 
Paolo Lottici
P2-65 Raman identification of lead chromate pigments Federica Bellini, Danilo Bersani, Howell G.M. Edwards, Jan Jehlicka, Peter Vandenabeele and Pier Paolo Lottici
P2-66 Characterization of archaeological wood stained with bat’s 
excretions using various analytical techniques Safa Hamed and Mourad Fawzy
P2-67
Investigating the excavated coloured rocks (‘ochres’) from 
Nawarla Gabarmang, an c. 48,000 year old Aboriginal site in 
northern Australia
Géraldine Castets, Emilie Chalmin, Bruno David, Jean-
Jacques Delannoy, Jean-Michel Geneste, Anne-Lise Develle, 
Fayçal Soufi, Pauline Martinetto, Sébastien Pairis, Sophie 
Cersoy, Valérie Magnin, Robert G. Gunn, Bryce Barker and 
Margaret Katherine
P2-68 XRF analysis to retrace archaeological polychrome pottery: the case of “Falcone” vase palette
Maria Francesca Alberghina, Rosita Barraco, Maria Brai, 
Anna Maria Carrubba, Dorotea Fontana, Luigi Tranchina and 
Agata Villa
P2-69 Archaeometric investigations on the cultural heritage of Abruzzo after the earthquake. Maria Paola Staccioli and Serena Benacquista
P2-70 Improved beeswax analysis to determine its origin: critical literature review and new methodological approach Elke Cwiertnia
P2-71 PUMA, a beamline for ancient materials studies
Sebastian Schöder, Felisa Berenguer, Serge X. Cohen, 
Thierry Moreno, François Polack, Matthieu Lecroard, 
Angélique Rouquie, Sébastien Ancelin, Aurélien Delmotte 
and Loïc Bertrand
P2-72 Scanning micro-XRF investigation of the remaining polychromy  on the Archaic sculpture of Phrasikleia
Andreas Karydas, Vasiliki Kantarelou, Michael Axiotis, 
George Mastrotheodoros, Maria Salta and Bernhard 
Schmaltz
P2-73 Portable DSPI for in-situ inspection of XVI century painting on 
wood: recovering data from noisy fringe patterns
Melania Paturzo, Pasquale Memmolo, Giovanni Arena, 
Giancarlo Fatigati, Mariangela Grilli and Pietro Ferraro
P2-74 Conservation of a contemporary art installation. A question of 
methodology. “32 metri quadri di mare circa” by Pino Pascali
Loredana Carratoni, Veronica Alejandra Di Santo Albertali, 
Cesare Poderosi and Rodolfo Corrias
P2-75
13th-14th Sienese Wooden Paintings: stratigraphic and 
materials characterization by non invasive portable NMR and 
micro-analytical techniques.
Nadia Marchettini, Donatella Capitani, Valeria Di Tullio, 
Federica Presciutti and Noemi Proietti
P2-76 Characterization of hybrid inorganic-organic polymers for Wood and Paper protection
Giovanni Predieri, Laura Bergamonti, Claudia Graiff, Clelia 
Isca, Pier Paolo Lottici, Elisabetta Chiappini, Lara Maistrello 
and Sabrina Palanti
P2-77 Multi-methodological characterisation of calcium phosphate in late-Antique glass mosaic tesserae Alberta Silvestri, Fabrizio Nestola and Luca Peruzzo
P2-78
Spectroscopic Investigations on Portable Icons from Historical 
Saint Paul's Church  of Thessaloniki Charitable Men 
Fellowship
Anastasia Rousaki, Dimitra Lazidou, Triantafyllia Zorba, 
Theodora Fardi, Dimitrios Nikolis, Nikolaos Bonovas, Ioannis 
Nazlis, Eleni Pavlidou, Dimitrios Lampakis, Eleni Likartsi and 
Konstantinos Paraskevopoulos
P2-79 A mm-wave/THz scanner for the THz-ARTE Project Andrea Doria, Emilio Giovenale, Gian Piero Gallerano, Alberto Petralia, Marcello Picollo and Kaori Fukunaga
P2-80 White pigments mixtures identification by means of 
multispectral imaging
Lucilla Pronti, Anna Candida Felici, Matthieu Ménager, Cathy 
Vieillescazes and Mario Piacentini
P2-81 Non-invasive survey of paintings with high resolution X-ray 
radiography and XRF
Janka Hradilova, Jan Zemlicka, Olga Trmalova and David 
Hradil
P2-82
Gemstones and glass beads from Nonantola Abbey (Modena, 
Italy) relics: a diagnostic investigation by Raman Spectroscopy 
and High-Resolution Microphotography
Sauro Gelichi, Alessandra Cianciosi, Davide Manzini, Davide 
Vallotto and Giulio Pojana
P2-83 Development of an analytical method to identify saccharide 
materials in dye by GC-MS
Marianna Faraco, Daniela Fico, Antonio Pennetta and 
Giuseppe Egidio De Benedetto
P2-84 Atmospheric pressure MALDI-MS for the direct analysis of 
carbonaceous inks used in XVII century manuscripts
Giuseppe Spoto, Alessandro Rapisarda, Giuseppe Grasso, 
Roberta D'Agata, Angela Aura, Maria Chiara Giuffrida, Marzia 
Calcagno and Cristina Valenti
P2-85 Composition of gold from ancient Iran determined by EDXRF-
analysis Roberto Cesareo, Maurizio Marabelli and Gabriella Di Flumeri
P2-86 The byzantine fresco of Dormitio Virginis (12th century): diagnosis and conservation by innovative materials
Benito Felice, Giuliana Taglieri, Davide Rigaglia, Lorenzo 
Arrizza and Valentina Romè
P2-87 Investigation of Cultural Heritage at the Hard X-ray Microprobe P06 of DESY Matthias Alfeld, Ulrike Boesenberg and Gerald Falkenberg
P2-88 Advanced Matrix Factorization for XRF imaging of historical paintings
Matthias Alfeld, Mirwaes Wahabzada, Christian Bauckhage, 
Kristian Kersting, Gerd Wellenreuther and Gerald Falkenberg
P2-89 Remote Sensing of Environmental Parameters in Museums Alexandra Jeberien and Susanne Litty
P2-90 Nondestructive determination of gold leaf thickness in a Brazilian and Portuguese 18th century imperial carriages
Sofia Pessanha, Marcelino Anjos, Maria Luisa Carvalho and 
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P2-91 Discovering the hidden preliminary version of Eça de Queiroz 
“The illustrious house of Ramires”using X-Ray micro-analysis
Sofia Pesssanha, Mário Costa, Jorge M Sampaio and Maria 
Luisa Carvalho
P2-92
A database of underdrawings and material analyses on 
Sienese paintings. Connections and dissimilarities of painting 
techniques across centuries and countries
Anna Pelagotti, Maria Francesca Alberghina, Salvo 
Schiavone and Emanuela Massa
P2-93 Discovery of the possible source of ore used in palaeolithic paint production in Kapova Cave, Russia
Alexander Pakhunov, Vladislav Zhitenev, Nikolay Brandt, 
Andrey Chikishev, Eduard Greshnikov and Ekaterina 
Golovkova
P2-94 On the reliability of pigment analysis methods. A “Goya” case 
study
Anna Pelagotti, Maria Francesca Alberghina, Salvo 
Schiavone and Emanuela Massa
P2-95
Mauve, violet or …? The characterisation of early aniline dyes 
in Fashion textiles by PDA-UPLC-MS/MS and Accurate Mass 
analysis
Lore Troalen, Rosie Upton, Camilla Catania, Jamie 
Mulherron, Fergus McNab, Logan Mackay and Alison N. 
Hulme
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Ana Luisa Silva, Sara Cirino, Luisa Carvalho, Sofia 
Pessanha, Marta Manso, José Paulo Santos, Mauro Guerra, 
Mário Costa and Joao Veloso
P2-97 (Re)Discovering artworks Ana Bidarra, Pedro Antunes, João Coroado and Fernando Rocha
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Francisco J. Ager, A.I. Moreno-Suárez, B. Gómez-Tubío, S. 
Scrivano, I. Ortega-Feliu and M.A. Respaldiza
P2-99 ED-XRF method in analysis of Polish coins  elemental 
composition
Aneta Gojska, Piotr Mazerewicz, Pawel Sibczynski, Krzysztof 
Wincel, Barbara ZarĊba and Jacek Rzadkiewicz
P2-100 PIXE-alpha non-destructive and in-situ compositional investigation of black-gloss on ancient pottery
Lighea Pappalardo, Sebastiano Barresi, Giacomo Biondi, 
Claudia Caliri, Fabio Caruso, Roberto Catalano, Gioconda 
Lamagna, Angela Maria Manenti, Andrea Orlando, Francesca 
Rizzo, Francesco Paolo Romano and Hellen C. Santos
P2-101 Non-destructive characterization of archaeological gold jewels by a micro-XRF portable spectrometer
Simona Scrivano, Blanca Gomez-Tubio, Ineas Ortega Feliu, 
Francisco J. Ager, Maria Luisa de La Bandera and Miguel 
Angel Respaldiza
P2-102 Confocal XRF analysis on objects of art and archaeology Imre Szalóki, Anita Gerényi, Márta Balla, Gábor Radócz, Gábor Kleizer and Dávid Légrády
P2-103 Identification of High and Low Luster Freshwater-Cultered Pearls by Scanning Electron Microscopy
Natthapong Monarumit, Nutwatcharee Noirawee, Chakkrich 
Boonmee, Aumaparn Phlayrahan, Krit Won-In and 
Somruedee Satitkune
P2-104
Surface enhanced characterization of complex stratified 
materials using synchrotron radiation at grazing incidence 
excitation conditions
Andreas Karydas, Juan José Leani, Alessandro Migliori, 
Roman Padilla-Alvarez, Mladen Bogovac, Ralf Kaiser, 
Claudia Caliri and Paolo Romano
P2-105 Comparative study of paint materials in three outdoor Keith Haring works: Pisa, Melbourne and Paris murals
Jacopo La Nasa, Sibilla Orsini, Francesca Di Girolamo, Ilaria 
Degano, Francesca Modugno and Maria Perla Colombini
P2-106 Application of acoustic microscopy to archaeological objects documentation: a new perspective
Georgios Karagiannis, Georgios Apostolidis, Christos 
Salpistis, Semeli Pingiatoglou, Aristotelis Mentzos, Dimitrios 
Tsiafis, Dimitrios Minasidis
P2-107 Raman spectroscopy investigation of ancient Mesopotamian potteries: study on decorative painting
Daniele Chiriu, Pier Carlo Ricci, Carlo Maria Carbonaro, 
Davide Nadali and Andrea Polcaro
P2-108 SERS-active low-cost flexible substrates for direct sampling of 
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Rosina Celeste Ponterio, Sebastiano Trusso, Matteo 
Tommasini, Enza Fazio, Chiara Zanchi and Paolo Maria Ossi
P2-109 Non-destructive analysis of ancient glass bead from U-thong 
excavation site, Central Thailand Krit Won-In and Somruedee Satitkune
P2-110 Analysis and characterization of modern lustre ceramic 
obtained with different ancient recipes
Giuseppe Politi, Anna M. Gueli, Sebastiano O. Troja, Stefania 
Pasquale, Antonella Privitera, Marc Aucouturier, Claire 
Pacheco, Laurent Pichon, Brice Moignard and Quentin 
Lemasson
P2-111 Elemental composition of artist’s paints as source of information about authenticity of contemporary paintings Dariusz Wilk
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PROTOCOLS TO MONITOR THE PROCESSES OF 
DEGRADATION AT URBAN SCALE. THE VIA CARACCIOLO 
NEIGHBORHOOD IN  NAPLES.
Serena Viola and Claudia Ciocia
P2-113 Laser Scanner Survey of “Africo Antica” (RC - Italy): a preliminary recovery project of an ancient village
Giuseppe Meduri, Antonino Nunnari, Vincenzo Barrile, 
Francesco Aliotta, Cirino Salvatore Vasi and Rosina Celeste 
Ponterio
P2-114 Consolidation of painting layers on Qin Terracotta by electron beam radiation  Bo Rong, Tie Zhou and Zhijun Zhang
P2-115 Structural fingerprinting of Ancient Indian Iron using Variable Pressure Scanning Electron Microscopy Vandana Singh
P2-116
Investigating the Preservation State of Parchment with 
Attenuated Total Reflection-Fourier Transform mid-Infrared 
Spectroscopy
Stamatis Boyatzis, Ekaterini Malea, Georgia Velivasaki and 
Anastasia Katsidima
P2-117 Historic and diagnostic survey of the Egyptian mural paintings 
coming from Iti’s tomb
Michela Cardinali, Tiziana Cavaleri, Paola Croveri, Daniele 
Demonte, Christian Greco, Paolo Triolo, Beppe Moiso, Anna 
Piccirillo and Arianna Scarcella
P2-118 SEM investigation and microanalysis characterization of 
samples from Castello delle Rocche, Finale Emilia Giuseppe Maino
P2-119 Nuclear techniques and nuclear reaction data  for investigation 
of paintings and stained glasses Giuseppe Maino and Mariapaola Monti
P2-120 Unveiling the 3rd secret of Fatima Material characterization of the manuscript using μ-XRF spectrometry
Marta Manso, João Figueirinhas, Sofia Pessanha, Mauro 
Guerra, José Paulo Santos and Maria Luísa Carvalho
P2-121 Novel sampling strategies for trace element quantification in 
archaeological artifacts
Debora Käser, Marcel Burger, Reto Glaus, Vera Hubert, 
Samuel van Willigen, Marie Wörle-Soares, Berke Heinz, 
Qinglin Ma and Detlef Günther
P2-122 Degradation of Cd-yellow Paints: an ab initio study of the 
adsorption of water and oxygen on CdS {10.0} surface Laura Giacopetti and Alessandra Satta
P2-123
The combined use of XRF and VIS-NIR FORS spectroscopic 
techniques for the non-invasive identification of pigments on 
archaeological works of art
Amani Christiana Saint, Eleni Cheilakou, Vasiliki Dritsa, Maria 
Koui, Katerina Kostanti and Alexandra Christopoulou
P2-124 On the porosity development in cultural heritage materials Giuseppe Maino, Claire Fiorotto and Sara Mazzocato
P2-125 Investigation the  glaze deterioration process in Achaemenid glazed bricks of Susa Soodabeh Yousefnejad
P2-126 Raman identification of paper ablation products Irina Balakhnina, Nikolay Brandt, Andrey Chikishev and Natalia Rebrikova
P2-127
“Losanga-style” Imitations of Italic Late Republican black gloss 
tableware from South-Western Iberia: a 
multianalytical/microchemical characterization
Nick Schiavon, Vincenzo Soria, Ana Margarida Arruda, 
Massimo Beltrame and José Mirão
P2-128
Early Baroque orthodox icon: painting and decorative 
techniques of the Royal door by Dimitrije Baþeviü documented 
by means of EDXRF and conservation analysis
Maja Gajic Kvascev, Daniela Korolija Crkvenjakov, 
Magdalena Stoyanova, Stefano Ridolfi and Velibor Andric
P2-129 Satellite radar for detection of archaeological marks along the Silk Road
Nicola Masini, Fulong Chen, Rosa Lasaponara and Ruixia 
Yang
P2-130
BLACK GLAZED POTTERY: INTRINSIC   COMPOSITIONAL 
TRENDS IN  ARCHAEOLOGICAL AND  
CONTEMPORANEOUS REPLICA SAMPLES
Nikolaos Zacharias, George P. Mastrotheodoros
P2-131 A selective paper artwork cleaning process using modified Gellan hydrogel
Claudia Mazzuca, Laura Micheli, Eleonora Cervelli, Greta 
Petrella, Chiara Cristini, Simonetta Iannucelli, Silvia Sotgiu, 
Antonio Palleschi and Giuseppe Palleschi
P2-132 A multianalytical-microchemical approach for 18th and 19th 
century pottery provenance studies in Sardinia (Italy)
Nick Schiavon, Antonio Brunetti, Marco Milanese and Stefano 
Enzo
P2-133 Reversibility of cyanotypes colour change Marie-Angélique Languille, Chantal Garnier and Claire Gervais
P2-134 The craftsmanship of painting and gilding ivories in Medieval Southern Italy Adriana Rizzo, Federico Carò and Silvia Armando
P2-135
MULTI-ANALYTICAL STUDY OF THE CONSTRUCTION AND 
PAINTING OF A LATE PERIOD SARCOPHAGUS IN THE 
EGYPTIAN MUSEUM OF CAIRO
Eman H.Zedan, Sara Mosca, Sara Bellei, Austin Nevin, 
Gianluca Valentini, Rinaldo Cubeddu, Siham Ramadan, 
Souty Adel, Maher Eissa, Tommaso Frizzi, Michele Gironda, 
Ibrahim El Rifai, Hend Mahgoub, Mohamed Gamal, Sabah 
Saddik, Abdelrazek Elnaggar and Daniela Comelli
P2-136 Neutron and X-ray imaging applied to Early Neolithic barley 
seeds from Southern Scandinavia, a comparative study
Anna Fedrigo, Anna Broström, Kristian Brink, Anders 
Kaestner, Frank Wieder, Stephen Hall, Kim Lefmann and 
Markus Strobl
P2-137
Multiscale and multisensor approach for the structural 
diagnosis of ancient buildings: the case of the "Domus of the 
Silver Wedding" in Pompei
Nicola Masini, Veronica Montano, Felice Ponzo, Antonio Di 
Cesare, Edoardo Geraldi, Fabrizio Gizzi, Giovanni Leucci and 
Maria Sileo
P2-138 Integrated analytical methodology for the study of a collection 
of Islamic metal artefacts from Mértola (South Portugal)
Carlo Bottaini, Massimo Beltrame, Lígia Rafael, Rute 
Fortuna, Susana Gómez Martínez, António Candeias, Teresa 
Ferreira and José Mirão
P2-139
Non destructive compositional and microstructural 
characterization of Sardinian bronze swords through Neutron 
Diffraction
Antonio Brunetti, Anna Depalmas, Francesco Grazzi, 
Antonella Scherillo, Marco Edoardo Minoia, Gianfranca Salis 
and Sergio Orrù
P2-140 A novel portable instrument for combined EDXRF and RAMAN 
spectroscopy in cultural heritage applications
Roberto Alberti, Luca Bombelli, Tommaso Frizzi and Michele 
Gironda
P2-141
Comparison between a 1685-smalt blue pigment and its 
accurate technological reconstruction, by Optical imaging and 
SEM-EDS analysis
Leonor Ferrão, Agnès Le Gac, Márcia Vilarigues, Isabel 
Nogueira and António Candeias
P2-142 TOMOGRAPHY FOR CULTURAL HERITAGE AT SYNCHROTRON SOLEIL
Felisa Berenguer, Sebastian Schöder, Andrew King, Pierre 
Guériau, Serge Cohen, Mario Scheel, Timm Weitkamp, Jean-
Paul Itié and Loïc Bertrand
P2-143 Investigation of the oxidation states of iron in Song celadon glazes by X-ray absorption spectroscopy Tung-Ho Chen and Jyh-Fu Lee
P2-144 Comparison between digital X-ray Radiography systems to 
examine the inner structure of a Khon Mask
Joana Fanico, Agnès Le Gac, Márcia Vilarigues, Sónia Costa 
and António Candeias
P2-145 Geophysical techniques for the architectural restoration: past, present and future perspectives Nicola Masini and Francesco Soldovieri
P2-146 Non-Destructive Examination of Painted Decorated Pottery from Teotihuacan, Mexico
Pieterjan Claes, Jose Luis Ruvalcaba-Sil, Laura Filloy, Dulce 
Maria Aguilar-Tellez, Valentina Aguilar-Melo, Mayra Dafne 
Manrique-Ortega, Maria Angelica Garcia-Bucio, Edgar 
Casanova-Gonzalez, Miguel Angel Maynez, Alejandro 
Mitrani, Alma Angelina Delgado-Robles, Enrique Soruco-
Sáenz and Patricia Ochoa-Castillo
P2-147 Application of X-ray Computed Tomography to Cultural Relics Study Tung-Ho Chen and Chien-Chi Huang
P2-148 Influence of binder on historical pigments colour
Guido Bonfiglio, Giuseppe Burrafato, Dorotea Fontana, Anna 
Maria Gueli, Stefania Pasquale, Riccardo Reitano and 
Sebastiano Olindo Troja
P2-149
Characterization of easel painting "The Yellow Man" of the 
Brazilian artist Anita Malfatti through non-destructive 
techniques: XRF and imaging
Pedro H. O. Viviani de Campos, Marcia A. Rizzutto, Elizabeth 
A. M. Kajiya, Jessica F. Curado, Lucia E. Thome, Bianca M. 
A. Dettino, Eva K. Mori and Anna W. de Matos
P2-150 Diffusive Reflectance Spectroscopy (DRS) analysis in practical 
scientific restoration Andrei Hrib, Octaviana Marincas and Felicia Iacomi
P2-151
Nanoparticle-Enhanced Laser-Induced Breakdown 
Spectroscopy (NELIBS): principles and archaeometric 
applications
Rosalba Gaudiuso, Can Koral, Marcella Dell'Aglio, Olga De 
Pascale and Alessandro De Giacomo
P2-152
Mineralogical, petrochemical and textural features of 
granitoids exploited in a Roman quarry: insights on 
petrophysical behaviour from a multi-analytical approach
Rosalda Punturo, Rosolino Cirrincione, Fiannacca Patrizia, 
Gaetano Ortolano and Antonino Pezzino
P2-153 Portuguese miniature portraits of 17th and 18th centuries: Analysis of deterioration products by u-FTIR microscopy
Alfredina Veiga, Catarina Miguel, António J. Candeias, Paulo 
Rodrigues, Dora Martins Teixeira and Jorge Ginja Teixeira
P2-154 The use of different spectroscopic techniques for the study of Wallpaper fragments from ancient Italian sites Pietro Baraldi, Paolo Bensi, Anna Tinti and Paolo Zannini
P2-155 Qualitative analysis of pigments and binders in paint colors 
used in “Still life” by Milan Konjovic
Milena Miljkovic, Biljana Arsic, Vesna Paunovic and Milos 
Djokic
P2-156 Portable Infrared Spectroscopy for the Non-invasive Analysis 
of Cultural Heritage Objects Elettra Barberis, Marcello Manfredi and Emilio Marengo
P2-157 Spectroscopic analysis and molecular simulations of gamma irradiation effects on cellulosic textiles
Ioana Stanculescu, Valentin Moise, Ana Maria Mocioiu, 
Laurentiu Dragomir, Elena Badea and Lucretia Miu
P2-158 Archaeometric characterization of the Cucuteni C pottery from 
eastern Romania
Florica Matau, Valentin Nica, Aurel Pui, Mitica Pintilei and 
Alexandru Stancu
P2-159 Fiber identification methodology applied on reference paper 
samples and works of art on paper substrate
Eleni Tziamourani, Agni Terlixi, Michalis Doulgeridis and 
Athina Alexopoulou
P2-160 A Case of Conservation and Characterization of Materials of Archeological Chinese Lacquer Box Kamilla Kalinina, Marina Michri and Maria Menshikova
P2-161
Ground Penetrating Radar enhanced by Microwave 
Tomography for Archaeology and Cultural Heritage 
Applications
Francesco Soldovieri, Ilaria Catapano, Gianluca Gennarelli 
and Lorenzo Crocco
P2-162 Study of painting materials of painted pottery from Eneolithic  Trypollian and Lublin-Volhynian Cultures Kamilla Kalinina, Elena Starkova and Anna Belykh
P2-163 Accelerated salt weathering studies on marble stones from Elefsis, Greece, and soapstones from Grytdal, Norway
Kidane Fanta Gebremariam, Igor Barros-Barbosa, Panagiotis 
Perakis, Christian Schellewald, Theoharis Theoharis and Lise 
Kvittingen
P2-164 Compositional Analysis on Lithic Industry  of Upper Paleolithic 
of Southern Romania Emilian-Dumitru Alexandrescu and Ioana Stanculescu
P2-165
CALCAREOUS MICROFOSSILS AND FIRING ANALYSIS OF 
ARCHAEOLOGICAL CERAMICS OF QIZLAR QAL'EH 
(NOERTH-EASTERN IRAN)
Maria Daghmehch and Jebrael Nokandeh
P2-166 Comparison among neutron diffraction (ND) and activation (PGAA) to analyse ancient silver coins
Jacopo Corsi, Francesco Grazzi, Zsolt Kasztovszky, 
Alessandro Lo Giudice, Boglárka Maróti, Alessandro Re, 
Antonella Scherillo and László Szentmiklósi
P2-167 Archaeometrical investigation on polychrome glazed bricks from Tol-e Ajori (Fars, Iran)
Letizia Amadori, Pierfrancesco Callieri, Askari Chaverdi, 
Paola Fermo and Gianluca Poldi
P2-168 Multi-analytical approach to characterization and comparison 
of Grumbacher Pre-tested and Max water-mixable oils Robyn Hodgkins, Barbara Berrie and Suzanne Lomax
P2-169
Nanomaterials applied as filler and consolidating agents for 
the conservation of the damaged plasters, located in two 
different Italian historical places: Palazzo Alessandro Lancia 
(in Rome) and Villa Campo Lieto (Napoli)
Federica Valentini and A. Boaretto
P2-170 Consolidant determination in archaeological wood using time-
resolved laser spectroscopy
Zarah Walsh, Ilaria Bargigia, Emma-Rose Janacek, Austin 
Nevin, Cosimo D'Andrea, Andrea Farina, Antonio Pifferi, Mark 
Jones and Oren A. Scherman
P2-171
pH, colorimetric and morphological study of the damaged 
manuscript having iron gall inks, applying a new de-
acidification method based on nanostructured calcium 
propionate
A. Boaretto, Federica Valentini and Marina Bicchieri
P2-172 Hybridization of a 3D Printer for Automated Multispectral Mosaic Imaging and Spectroscopy Samantha Stout
P2-173
Analysis and characterization of glass samples from 
archaeological sites of Donoratico and Santa Maria della 
Scala, Tuscany (Italy)
K. Hellemans, S. Cagno, L. Bogana, K. Janssens and M. 
Mendera
P2-174 Liquid chromatography - a powerful tool for radiocarbon  dating of the Paleolithic of Eurasia Thibaut Deviese, James McCullagh and Thomas Higham
P2-175 The new system for the simultaneous analysis of į13C, į15N, C/N ratio and 14C by AMS on microgram samples
Gianluca Quarta, Lucio Maruccio, Eugenia Braione and Lucio 
Calcagnile
P2-176 Medieval stained glass windows from Polish collections  
studied by means of XRF spectroscopy Malgorzata Walczak
P2-177 Chemical and physical wood degradation in waterlogged wood 
of Villanovian Village “Gran Carro”, Bolsena Lake (Italy)
Manuela Romagnoli, Davor Kržišnik, Giulia Galotta, Barbara 
Davidde Petriaggi and Giancarlo Sidoti
P2-178
Assessment of the Artificial Weathering Effects on Restored 
Moroccan Manuscript Papers: Analysis by ATR-FTIR 
Spectroscopy and X-Ray Diffraction
Latifa Hajji, Jamal Assouik, Maria Luisa De Carvalho and 
Abdellatif Boukir
P2-179 The technical Analysis of an Oil painted 19th C.Dome in Cairo: Relationship between discoloration and environment
Souty Adel, Gamal Mahgoub, Iacopo Osticioli, Austin Nevin 
and Abdelrazek Elnaggar
P2-180
Study of the Crystallization of CaCO3 in New Consolidant 
Based on the Soluble Calcium Compound by Using FT-IR 
Spectroscopy
Andreja Pondelak
P2-181 Investigation of smalt in paint cross-sections of 17th century paintings using elemental mapping by laser ablation ICP-MS
Serena Panighello, Anja Kavcic, Katarina Vogel-Mikuš, 
Norman H. Tennent, Arie Wallert and Johannes T. van 
Elteren
P2-182 Mixed ink characterization by XRF and Raman spectroscopy 
combined with Multispectral Imaging investigation
C. Cicero, Marco Marinelli, Massimo Marinelli, F. Mercuri, N. 
Orazi, P. Barbini, S. Orlanducci, Alice Marziale, S. Paoloni, 
M. Romani, G. Verona-Rinati, U. Zammit
Analysis of medieval stained glass by handheld pXRF 
L. W. Adlington(1), I. C. Freestone(1) and N. Teed(2)
(1) UCL Institute of Archaeology, 31-34 Gordon Square, London WC1H 0PY, UK 
(2) York Glaziers Trust, 6 Deangate, York, YO1 7JB, UK 
The application of analytical techniques to medieval stained glass can be used to address 
important questions concerning its production and technological history. Unfortunately, this 
is impeded by the need to take samples for laboratory analysis (made difficult by an 
architectural context) or alternatively to rely on non-destructive in situ methods that yield 
lower quality data. 
This  paper illustrates the results of a study conducted to test and develop the use of handheld 
portable X-ray fluorescence spectrometry (pXRF) for the analysis of medieval stained glass. 
A comprehensive study of one panel from the Great East Window of York Minster has 
yielded promising results through the analysis by pXRF of 100 glass fragments, with a subset 
of 30 as a control group analysed by electron probe microanalyser with attached wavelength 
dispersive spectrometers (EPMA). Due to the analytical configuration of pXRF, silica cannot 
be measured and results for potash and lime are of poor precision and accuracy; however, 
analyses of heavier elements strontium and rubidium show significantly better precision and 
can act as proxies for calcium and potassium, respectively (Fig. 1). Compositional groupings, 
identical within experimental error by EPMA, were also detectable using strontium and 
rubidium by pXRF. Furthermore, since pXRF is a much faster method that permits many 
more analyses, the larger sample allowed mapping of these compositional groups across the 
panel.
Figure 1. Results for lime (by EPMA) and strontium (pXRF) for the control group
This combination of methods yielded encouraging results for our understanding of medieval 
stained glass technology and production, including evidence supporting the suggestion that 
the border was cut and painted by a different person(s) - perhaps an apprentice or lower-
skilled craftsman - than the one who made the main scene. Furthermore, they suggest 
significant  potential for further development of pXRF as a non-destructive, in situ analytical 
method for medieval stained glass. 
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CampanaVLWH0XUFLD6SDLQ
María Teresa Doménech-Carbó(1), Milagros Buendía-Ortuño(2), Trinidad Pasies-
Oviedo(3), Laura Osete-Cortina(1) and Antonio Doménech-Carbó(4)
(1) Instituto de Restauración del Patrimonio. Universitat Politècnica de València. Camino de Vera s/n, 46022-
Valencia, Spain 
 (2) Museo Nacional de Arqueología Subacuática, Paseo del Muelle Alfonso XII, 22. 30202 Cartagena. Murcia,
Spain 
(3) Museo de Prehistoria, Corona 36, 46003 Valencia, Spain 
(4) Departamento de Química Analítica, Universitat de València, Avda. Dr. Moliner s/n, 46100-Burjassot, Spain
In this contribution is reported the analytical study carried out prior to the conservation 
intervention of a collection of elephant tusks excavated from the wreck site of a  6th-7th
century BC Phoenician trading vessel located in Bajo de la Campana (Murcia, Spain). The 
state of conservation of the ivory, which has been determined by the prolongated immersion 
in a marine environment, has been established by means a multi-technique methodology that 
includes light microscopy, SEM-EDX, XRD, FTIR spectroscopy, GC-MS and solid state 
electrochemical techniques.The analyses performed have demonstrated that the inorganic 
matrix of calcium hydroxyapatite had a significant alteration. Changes in chemical 
composition and degree of crystallinity have been determined. Cristallinity index [1] found 
range from 0.08 in the inner dentine to 0.45 in the outer layer. An increase in the Ca/P content 
is observed in both the inner (dentine) and outer (cement) regions of the tusk when these 
values are compared with their counterparts from a contemporary elephant tusk. Additionally, 
exogenous elements such as Fe, Cu, Sr, Pb, Sn, Ag, V, Ni, Cd and Zn have been identified in 
the external region of the tusk. Neoformation minerals such as pyrite and vivianite have also 
been identified in the outer region of the tusk. Increase in the values of the 3(CO3)/ 3 1(PO4)
band area ratio found in the archaeological samples referred to the contemporary samples is 
also observed. Deconvolution followed by curve fitting of the amide I IR band indicates a 
change in the secondary structure of the remaining collagen proteins, in particular, an increase 
in the random coil conformations, which suggests an opening of the conformational structure 
of the protein molecules. Deconvolution and curve fitting of the 3 1(PO4) and 4(PO4) bands 
indicate that the archaeological specimen analyzed is mainly composed of nonstoichiometric 
apatite (type B carbonate and HPO4
2- containing apatite). 
$NQRZOHGJHPHQWV The authors whis to thank CITES España and Dirección General de Bienes Culturales y 
Enseñanzas Artísticas, de la Consejería de Educación, Cultura y Universidades de la Comunidad Autónoma de la 
Región de Murcia, Museo Nacional de Arqueología Subacuática. Financial support is gratefully acknowledged 
from the Spanish “I+D+I MINECO” projects CTQ2011-28079-CO3-01 and 02 and CTQ2014-53736-C3-1-P
supported by ERDEF funds. The authors wish also to thank Mr. Manuel Planes and Dr. José Luis Moya, 
technical supervisors of the Electron Microscopy Service of the Universitat Politècnica de València.
[1] A. Grunenwald, C. Keyser, A.M. Sauterau, E. Crubézy, B. Ludes,C. Drouet, Analytical and Bioanalytical
Chemistry 406, 2014, 4691-4704.
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1Department of Applied Chemistry, Vilnius University, Naugarduko 24, LT-03225 Vilnius, 
Lithuania
2Center for Physical Sciences and Technology, Institute of Chemistry, A. Goštauto 9, LT-
01108 Vilnius, Lithuania
3Department of Inorganic Chemistry, Vilnius University, Naugarduko 24, LT-03225 Vilnius, 
Lithuania
Corrosion inhibitors, polymer and synthetic wax coatings are used for the conservation of 
historical metals and metal alloys. However, these methods do not provide successful 
preservation of metals for a longer time. Therefore, new methods for the conservation of metal
arts should be established. Investigations are essentially focused on the developing of better 
quality, faster, long–term, anticorrosion preservation methods that could be applied in 
conservation and restoration of metals.
The sol–gel method is one of the most prospective and newest techniques that have been widely 
applied for the conservation of glass, mosaics and other cultural heritage objects. Various 
different coatings can be formed using sol-gel method: hydrophobic, anticorrosion, protective 
and other. Sol-gel protective coatings have shown great chemical stability, oxidation control and 
enhanced corrosion resistance for metal substrates. Moreover, the sol–gel method is an 
environmentally friendly technique for the protection of surface and had showed the potential for 
the replacement of toxic pretreatments and coatings which have traditionally been used for 
increasing corrosion resistance of metals.
In the present study, a novel sol-gel processing route for the preparation of methyl–modified 
silica coatings on the surface of metals and metal alloys have been developed. The aim of the 
study was to inquire into the best properties containing coating that could be used for the 
conservation and preservation of metal objects in order to protect them from adverse influence of 
environment.
The mixture of silica sol (3% SiO2) and hexamethyldisilozane (HMDS) was used for the 
preparation of methyl–modified silica sols which were applied for the surface treatment of 
metals. Coatings of methyl–modified silica sols were deposited on copper, brass, bronze and 
steel specimens. For the comparison, the polymeric coatings were also deposited. All specimens 
were photochemically aged. 
The surface morphology features of uncoated and coated, unaged and aged specimens were 
investigated by atomic force microscopy (AFM), scanning electron microscopy and energy 
dispersion spectroscopic analysis (SEM-EDX). The hidrophobicity was evalueated by contact 
angle measurements. The surfaces of thin films were also characterized using Fourier transform 
infrared spectroscopy (FTIR) and electrochemical measurements. 
$FNQRZOHGJPHQW
This research was partially funded by COST Action MP1202.
TECHNART 2015 POSTER SESSION 2
P2-3
Non-destrutive analysis of selected 15th century Spanish 
panel paintings
A. Kriznar2, V. Muñoz1, M. A. Respaldiza2 and M. Vega1
1Museo de Bellas Artes de Sevilla, Plaza del Museo 9, 41001 Sevilla, Spain 
2Centro nacional de Aceleradores (Universidad de Sevilla, CSIC), Avda. Thomas. A. Edison 7, Parque 
tecnológico Cartuja ’93, 41092 Sevilla, Spain 
Spanish painting of the 17th and 18th century (»Siglos de oro«) is well known in the history 
of art, meanwhile earlier periods haven't been studied as much. The 15th century was an 
important one, representing transition between mediaeval Gothic art and the new-comming 
Renessaince, with a strong Flemish and Italian influence at the same time. Some 
representative panel paintings of this period belong to the collection of the Seville's Fine Arts 
Museum. They have been analysed from the art-historical point of view, but there is a huge 
lack of information on materials and techniques applied. Several of these artworks were, 
therefore, selected for a non-destructive analysis, counting with some anonymous artists like 
Master of Almonacid, or others known by name, as Juan Hispalense or Bernardo Martorell. 
All selected artoworks were carried out in the time span between the 1415 and the end of the 
15th century.
The principal objectives were (a) to characterize pigments and other inorganic materials 
applied by the artists, (b) to identify painting supports, (c) and to compare the results in order 
to get a better understanding of the 15th century painting materials in Spain. Also later 
retouches were studied, due to the lack of information on possible historic inteventions.
First, all the panels were studied under UV light to identfy later interventions. Next, the non-
destructive XRF technique was applied for material analysis, using a portable device directly 
in situ, in the exposition room. Different colours and tonalities were selected and irradiated 
with the X-ray beam during 300 seconds. The results showed that all panels were carried out 
on a Ca based preparation, probably gypsum, which was typical for Spanish painting of that 
time, on top of which a Pb based priming was applied. The pigments palette is quite similar, 
although with some specific differences among the artists, especially in their mixture. The 
pigments used were: lead white (as shown by the presence of Pb characteristic X-ray peaks in 
the corresponding acquired spectrum), cinnabar (Hg), red ochre (Fe) and possibly an organic 
red (organic pigments are not detected in the XRF spectra), yellow ochre (Fe), in rare cases 
massicote (Pb), a copper based green pigment (Cu; resinate, verdigris or malachite), azurite 
(Cu), umber (Mn, Fe) and an organic black pigment, probably bone black (Ca). Violet colour 
was obtained as a mixture of azurite and an organic red colorant (a red lake). Retouched areas, 
analysed with the help of previously obtained UV images, showed interventions on the bases 
of modern pigments based on Zn, Ti, Cr, and Cd. The construction of colour layers went from 
lighter to darker; deep shadows were executed by ochres and an organic black. To understand 
better the succession of colour layers, a digital microscope was applied that allowed a 
magnified image of the painting surface. 
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Alessandra Vichi(1) and Sergei G. Kazarian(1)
(1) Department of Chemical Engineering, Imperial College London, SW7 2AZ, United Kingdom 
In the last decade, macro and micro-Attenuated Total Reflection (ATR)-FTIR spectroscopic 
imaging coupled with a Focal Plane Array (FPA) detector has become a powerful tool to 
obtain information on the composition and distribution of compounds within macro and 
micro-samples from Cultural Heritage objects in an intrinsically non-destructive way [1]. 
One of the most significant aspects of this technique is the possibility to obtain information at 
high spatial resolution (3-4 micrometers in the fingerprint region). When an infrared beam 
undergoes total internal reflection within an inverted prism (ATR crystal), an evanescent 
wave is generated at the crystal-sample interface which penetrates up to a few micrometers 
into the sample. When the angle of incidence of the incoming beam is changed, the depth of 
penetration of the evanescent wave is altered, allowing spectra to be obtained from different 
depths [2]. 
Changing the angle of incidence and thus size of the evanescent wave can be achieved by 
placing apertures in the optical path [3]. Previous results have demonstrated the feasibility of 
this method in order to differentiate a multilayered polymeric sample with a set-up for macro-
ATR-FTIR [4]. 
Our research is focused on the optimization of the variable angle of incidence by using 
apertures for ATR-FTIR spectroscopic imaging and its application to study samples of 
relevance for conservation science. Two main goals can be achieved: the possibility of 
obtaining chemical images of a sequence of micro-scale layers of different thickness in a non-
destructive way, and the reduction of anomalous dispersions that cause shifts of strong 
infrared bands, which can lead to misleading information for spectra interpretation. Hence this 
research could shed light on the chemical and physical changes within a sample such as 
degradation processes, which are still not fully understood. 
[1] M. Spring, C. Ricci, D. A. Peggie, S. G. Kazarian, Analytical Biochemical Chemistry 392, 2008, 37-45. 
[2] N. J. Harrick, Internal Reflection Spectroscopy, Interscience Publishers, 1967.  
[3] K. L. A. Chan, S. G. Kazarian, Applied Spectroscopy 61 (1), 2007, 48-54.  
[4] T. Frosch; K. L. A. Chan; H. C. Wong; J. T. Cabral, S. G. Kazarian,, Langmuir 26, 2010,19027-19032. 
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Maria Pia Casaletto(1), Claudia Cirrincione(1), Letizia Livoti(1),
Annalisa Arcara(1), Antonella Privitera(1)
(1) Consiglio Nazionale delle Ricerche, Istituto per lo Studio dei Materiali Nanostrutturati,  
via Ugo La Malfa 153, 90146, Palermo (Italy) 
X-ray induced analytical techniques, such as X-Ray Diffraction (XRD) and X-Ray 
Photoemission Spectroscopy (XPS), widely used in the field of industrial research, can be 
usefully applied in the field of Cultural Heritage in order to: i) define the nature and the state 
of conservation of artifacts; ii) propose and validate innovative materials and methods for 
conservation and restoration; iii) monitor the environment and the microclimate and iv)
recover ancient manufacturing techniques and technological process parameters.  
The application of a surface-sensitive analytical technique such as XPS can provide 
extremely important information, especially on the presence of patinas, deposits and 
alteration/degradation products, of coatings and protective layers and of products of previous 
restoration treatments. The surface of archaeological artworks could be characterized with 
respect of degradation (crusts, efflorescences, corrosion products), of protection (oxide patina 
on metallic materials, waterproof coating on ceramic) and of corrosion inhibition.
In this work the application of XPS and XRD analysis for microchemical and 
microstructural investigation of different metallic and stone artworks is reported. In our 
laboratories research activities are focused on the development of safe, reliable, non toxic and 
long-lasting materials and methods for the conservation of ancient artworks and on tailoring 
their application and validation. Particular emphasis will be given to works addressing the 
following topics: i) the identification of degradation phenomena and the evaluation of the 
conservation state of the artifacts; ii) the assessment and validation of innovative low-toxic 
and environmentally-friendly nanostructured materials for the conservation of metallic 
artworks (organic compounds obtained by chemical synthesis, naturally-derived formulations
and nanocarriers of corrosion inhibitors); iii) the assessment of previous restoration treatments
(the case study of some lead seals from the Archaeological Museum “A. Salinas” of Palermo)
[1-3].
[1] M. Brai, M.P. Casaletto, G. Gennaro, M. Marrale, T. Schillaci, L. Tranchina, Applied Physics A, 2010, 339, 
945
[2] M.P. Casaletto, N. Hajjaji, Bulletin of Research on Metal Conservation, BROMEC 2010  Issue 32, 2010, 5 
[3] M.P. Casaletto, R. Schimmenti, G. Lazzara, 15th European Conference on Applications of Surface and 
Interface Analysis 2013,  ECASIA’13, edited by A. Rossi and B. Eisener, Cagliari, Italy, October 13 – 18, 2013, 
57. 
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Cristina García-Florentino(1), Maite Maguregui(2), Héctor Morillas(1),
J. Aramendia(1) and Juan Manuel Madariaga(1)
(1) Department of Analytical Chemistry, Faculty of Science and Technology, University of the Basque Country
UPV/EHU, P.O. Box 644, 48080 Bilbao, Basque Country, Spain 
(2) Department of Analytical Chemistry, Faculty of Pharmacy, University of the Basque
Country UPV/EHU, P.O. Box 450,01080, Vitoria-Gasteiz, Basque Country, Spain 
Concretes are building materials used since the Ancient Greece. Nowadays concrete can 
suffer different degradation processes when it is exposed to the environmental conditions and 
to the nowadays more polluted atmosphere. The characterization of concrete itself and the 
description of the different degradation processes are crucial to evaluate their state of 
conservation, for restoration purposes, to recover the historical memory of the constructions 
or even for avoiding them on future buildings. 
In the present work, a multianalytical methodology based on the use of elemental (X-Ray 
Fluorescence, SEM-EDS) and molecular (Raman spectroscopy, X-Ray diffraction 
spectroscopy and Ion Chromatography) techniques was used in order to evaluate the original 
composition and degradation products present in early 20th century concretes and in 
mortars/cements placed on those concretes from some inside rooms of Punta Begoña 
Galleries in Getxo (Bizkaia, North of Spain).  
The characterization of the samples showed the major presence of calcite (CaCO3), together 
with gypsum (CaSO4·2H2O) in smaller proportions. Silica or calcite based aggregates (e.g. 
detection of aragonite (CaCO3) coming from beach sand) were identified.  
Among the detected pathologies, the dehydration process of the gypsum from the 
mortars/cements can be mentioned (bassanite (CaSO4·0.5H2O) and -anhidrite ( -CaSO4) 
identification). It is also important to highlight the dissolution process of the mortar/cement 
from the concrete that leads to the formation of calcite stalactites in the Galleries. This 
process left the reinforcement of the concrete exposed to high concentrations of chloride and 
also to the presence of bromine coming from the marine environment that surrounded the 
Galleries. The exposed metallic reinforcement can suffer oxidation processes. Apart from this 
problem, calcite, gypsum, natron (Na2CO3·10H2O) and thenardite (Na2SO4) efflorescences
were identified on the wall where mortars show detachment problems. 
It was also confirmed the presence of black crusts on the surface of concrete. The analyzed 
black crusts are composed of a gypsum matrix with carbon, silicates, chlorides (mainly halite, 
NaCl)) and metallic particulate matter (such as Mn, Fe, Pb, Ti, Cr, etc.) inside it.
TECHNART 2015 POSTER SESSION 2
P2-7
$QRQLQYDVLYHDSSURDFK WR WKHVWXG\DQGFKDUDFWHUL]DWLRQ
RIWKH$QWRQLR6WUDGLYDULKDQGZULWLQJV
Fausto Cacciatori(1), Marco D’agostino(2), Giusj V. Fichera(3), Claudia 
Invernizzi(3), Maurizio Licchelli(3,4), Marco Malagodi(3,4) and Tommaso 
Rovetta(3)
(1) Fondazione Museo del Violino Antonio Stradivari, Piazza Marconi 5, 26100 Cremona, Italy 
 (2) Dipartimento di Musicologia e Beni Culturali, Università di Pavia, Corso Garibaldi 178, 26100 Cremona, 
Italy 
 (3) Laboratorio Arvedi Indagini non Invasive, Università di Pavia, via Bell’Aspa 3, 26100 Cremona Italy
(4) Dipartimento di Chimica, Università di Pavia, Via Taramelli 12, 27100 Pavia, Italy 
The most important collection of the Antonio Stradivari finds, which includes paper and 
wooden molds, drawings, annotations, wooden forms and tools, are preserved in the Museo 
del Violino of Cremona. These finds represent a precious historic heritage since they contain 
indications and technical notes of the great luthier and provides organologic clues essential to 
the design and construction of musical instruments. After Antonio Stradivari death (first half 
of the 18th century) over the centuries, new annotations and handwritings were added to the 
original finds, often imitating the Stradivari handwriting [1]. The present research was 
focused on the study and characterization of selected finds objects with written annotation by 
the use of non-invasive methods in order to obtain precious conservative and archaeometric 
information. The finds object of this research were selected on the basis of the historical 
importance and the study was performed through a rigorous preliminary paleographic method 
[2]. The analytical campaign starts with the observation of surface details through:
photography in the visible range, photography of the UV-light induced fluorescence and 
observations by stereoscopic microscope with a high resolution camera, which is able to 
perform micrometric measurements of lengths and areas. The elemental study of handwriting 
inks has then been performed by means of X-Ray Fluorescence spectroscopy (XRF). Figure 1 
displays, as an example, a general view in visible range of the recto and verso cardboard 
model relative to a violoncello and the image, acquired by stereo-microscope, of a detail of a 
letter in the recto handwriting. The detail image shows some features of the ink, which 
exhibits not homogeneous colour (from dark brown to brown) and the presence of halos 
around the ink due to Fe ions. 
 
)LJXUH5HFWRDQGYHUVRFDUGERDUGPRGHOUHODWLYHWRDYLRORQFHOOROHIWDQGDGHWDLOULJKW
[1] Santoro E., "GIUSEPPE FIORINI E I CIMELI STRADIVARIANI", 1988, Cremona  
[2] D'Agostino M. "LA SCRITTURA DI ANTONIO STRADI VARI", 2009, Cremona Books 
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Mikko Palosaari, Marko Käyhkö, Mikko Laitinen,
Ilari Maasilta and Timo Sajavaara
Department of Physics, P.O.Box 35, 40014 University of Jyväskylä, Finland
Transition-edge sensors (TES) which can be used as superior energy resolution calorimeters,
have today matured to the state that they are used in number of applications. Here we present
a measurement setup, where TES detector arrays are used to detect X-rays in Particle Induced
X-ray Emission (PIXE) using 1.7 MV Pelletron accelerator in Jyväskylä, Finland.  The energy
resolution of a TES detector,  when used in PIXE, is  over an order of magnitude better than
conventional Si or Ge based detectors. This makes it possible to recognize spectral lines in
materials analysis that have previously been impossible to resolve with. Our 160 sensors with
total area of 15.6 mm2 are  cooled  to  the  operation  temperature  of  about  100  mK  with  a
cryogen-free Adiabatic Demagnetization Refrigerator (ADR), with a special X-ray snout
designed  at  NIST.  The  read-out  consists  of  a  256  pixel  time-division  NIST  SQUID
multiplexer. This technology has a wide x-ray energy window (see Fig. 1), count rates in the
range of kilo-Hz and demonstrated energy resolution of 3 eV [1]. These performance figures
open unique possibilities especially in the trace element studies of cultural heritage objects.
In this paper the Jyväskylä TES detector will be described, and the analysis results from the
reference materials (such as NIST SRM 611 and SRM 1157) and different pigment samples
will be presented. The performance of TES-PIXE against SEM-EDX, XRF and conventional
PIXE will be compared and discussed.
Figure 1. PIXE spectrum from NIST SRM 611 sample measured with silicon drift detector
and superconducting transition edge sensor.
[1] M. R. J. Palosaari, K. M. Kinnunen, J. Julin, M. Laitinen, M. Napari, T. Sajavaara, W. B. Doriese, J. Fowler,
C. Reintsema, D. Swetz, D. Schmidt, J.  Ullom, I.  J.  Maasilta, Journal of Low Temperature Physics 176, 2014,
285.
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6WXG\RIWKHDUWZRUNVFRQVHUYDWLRQE\(';5)PDSSLQJ
DQDO\VLVWKHFDVHRI9LOODGHL4XLQWLOLIUHVFRV5RPH
Eleonora Giavardi(1), Mauro F. La Russa(2), Maurizio Licchelli(1), Marco 
Malagodi(1), Roberto Alberti(3), Luca Bombelli(3), Tommaso Frizzi(3)
(1) Dipartimento di Chimica, Università di Pavia, Via Taramelli 12, 27100 Pavia, Italy 
 (2) Dipartimento di Biologia, Ecologia e Scienze della Terra (DiBEST), Università della Calabria, Via Pietro 
Bucci, 87036 Arcavacata di Rende (CS), Italy 
(3) XGLab s.r.l. spinoff Politecnico di Milano, Via F. D'Ovidio 3, 20131Milano, Italy 
This work describe of an innovative system for the control of the conservation state of painted 
surfaces of artworks. The study was carried out on several fresco samples, dating back to the 
Roman period (2nd century AD). These samples belong to a wider sampling of the walls, 
which decorated the rooms of the “Villa dei Quintili”, a very important and magnificent estate 
of the Roman suburbia. The painted surfaces of the samples were analyzed through an
innovative system of EDXRF, in order to obtain a distribution of the compositional features 
and a characterization of the elements of the pigments. Frescos are an artistic wall-painting 
technique consisting of the application of colored pigments on a fresh plaster layer and their 
degradation can be caused by several external agents involving physical, chemical and 
biological factors, like structure displacements, vibrations, temperature changes, humidity, 
pollution and mildew [1]. A typical surface alteration of the painted surfaces is the chemical 
modification of the mineral pigments, with the consequent variation of the original colors. A
time by time control of the conservation state is crucial to avoid further damage of the outdoor 
fresco surfaces. At present, different methods of in situ diagnosis are used, especially 
concerning measurement of the color parameters, with several limits due to the high level of 
variables (surfaces deposits, repeatability of the analyses, difficulty to find the same analyses 
points). The system of XRF mapping that will be presented can provide better results, in order 
to control the degradation of the painted surfaces, with an elemental distribution analysis and 
a consequent study of the pigments conservation state. The instrument used in this work is 
based on the portable XRF spectrometer ELIO produced by XGLAB SRL. Main features of 
the instrument are a large area Silicon Drift Detector (SDD), an exciting source system based 
on a high efficiency and compact 50kV generator. The X-Ray tube is  coupled with a 1mm 
pin-hole collimator to reach the desidered spot size on sample. Thanks to very compact XRF 
head, a very simple and light tripod can be used. The system is equipped with a XY translator 
stage, (with 100mm total travel and 100um step size),  for in situ elemental 2D mapping with 
automatic raster scan and analysis software. The innovative design of measuring head allows 
reasonable high counting rates which lead to fast measurements. For a typical XRF map, 
(with 50mm x 50mm of scanned area, 1mm step, and 1s acquisition per pixel),  the total 
measurement time is conveniently less than 1 hour. Since the excitation scheme do not require 
any policapillary optics, the spectrometer is sensible in the range of 1-40keV, therefore it is 
able to detect elements heavier than Al. Moreover, the possibility to purging Helium extends 
the detectable element to Na and Mg. 
[1] P. Castellini, E. Esposito, N. Paone, E. P. Tomasini, B., Measurement 28, 2000, 33–45
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0LFURVWUXFWXUDOFKDUDFWHUL]DWLRQRIWZRLQWDFW-DSDQHVH
VZRUGVWKURXJKQHXWURQWHFKQLTXHV
Elisa Barzagli1, Francesco Grazzi1, Filomena Salvemini2, Vadim Davydov 3,
Anders Kaestner3, Francesco Civita4, Eberhard Lehmann3, Marco Zoppi1. 
 (1) Consiglio Nazionale delle Ricerche, Istituto dei Sistemi Complessi, Sesto Fiorentino (FI) - Italy  
(2)Bragg Institute , Ansto-Australia 
(3) Paul Scherrer Institut, Laboratory for Neutron Scattering and Imaging, Villigen - Switzerland 
(4) Museo Stibbert, Firenze (FI)- Italy 
The present investigation concerns a non invasive detailed micro-structural study, of two 
integer Japanese swords pertaining to Koto (987-1596) and Shinto (1596-1781) periods.
Japanese blades are culturally interesting objects both from the stylistic point of view and
because of their fantastic performances. 
The micro-structural analysis has been carried out by neutron diffraction and neutron imaging 
techniques performed at the spallation neutron source SINQ in the Paul Scherrer Institut in 
Switzerland. We have performed white beam tomography and energy-selective neutron 
imaging techniques with the ICON beamline [1] and residual strain mapping neutron 
diffraction with the POLDI beamline [2].
The reconstruction of projection data into neutron tomographic slices or volumes and the 
residual strain mapping, allowed us to identify some peculiar characteristics, related to the 
forging methods that were used to forge these two swords pertaining to different schools.
The obtained results are important to reach information about the conservation status of these 
particular swords and to comprehend the manufacturing methods used to produce Japanese 
swords. 
.H\ZRUGV ancient metallurgy, non-invasive method, energy-selective neutron imaging, 
residual strain map, neutron tomography 
[1] L. Giller, U. Filges, G. Kühne, M. Wohlmuther, L. Zanini, Nuclear Instruments and Methods in Physics 
Research A 586 (2008) 59–63.
[2] A. Evans , S.Van Petegem, H. Van Swygenhoven, POLDI: Materials Science and Engineering Instrument at 
SINQ NEUTRON NEWS 20 (3), 17 (2009). 
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'LIIHUHQWLDWLQJ%ODFN7KHDSSOLFDWLRQRI)LEUH2SWLFV
5HIOHFWDQFH6SHFWURVFRS\)256LQWKHVWXG\RILURQJDOO
LQNVXVHGLQFRS\OHWWHUV
Agathi Anthoula Kaminari(1), Athina Alexopoulou(1) and Ioannis Sianoudis(2)
(1) Department for Conservation of Antiquities and Works of Art, Technological Educational Institute (TEI) of 
Athens, Greece, Ag.Spyridonos, 12210 Egaleo 
 (2) Department of Optics and Optometry, Technological Educational Institute (TEI) of Athens, Greece, 
Ag.Spyridonos, 12210 Egaleo
Iron gall inks have been widely used for centuries as the primary writing medium due to their 
permanence on the writing substrate, but also for their bright black colour. Modifications of 
iron gall inks that prolonged the drying period together with copy presses have been 
successfully employed by professionals, factories and the public sector for producing exact 
copies of outbound mail so as to keep record of transactions, agreements and to avoid any 
human errors resulting from handwritten copying that could lead to misunderstandings. 
The copy press method is based on the imprinting of the ink of a manuscript in a thin 
translucent paper. The original should have been written with suitably prepared iron gall ink 
and the copy should be made within 24 hours, while the ink was still fresh. The copy papers 
were usually not sized, of small weight, from rags or various plant fibres, without addition of 
chemicals. For the facilitation of process the copy paper should be lightly moist. Then, 
original and copy paper would be pressed together for 30 seconds between cardboard plates 
impregnated with oil that limited the movement of water. After the pressing, the copy was 
removed from the original. During this process the ink passed to the thin copy paper. The 
imprint of the text on the contact surface of the copy paper constitutes a mirror image of the 
original.
In the present research, eight inks were manufactured according to historic recipes. They were 
applied on four different writing substrates and copies were produced using the Copy Press 
Method. The samples were then examined with Fibre Optics Reflectance Spectroscopy in 
order to obtain their reflectance spectra (400-900nm) and also their tristimulous values in CIE 
L*a*b*. Ink positions for each recipe refer to non-copied, copied, copy front side and copy 
back side, so as to monitor differentiations or similarities of each ink in each state at the four 
different papers. 
The application of the method begun with low expectations, as all inks were black. The 
measurements have shown that, as assumed based on visual observation, the inks on the 
writing paper and on the back side of the copy paper are darker than the front side, even when 
this is too minute to be noticed by the human eye, which can be indicative and supporting 
towards the identification of a document as a copy rather than a written manuscript. The iron 
gall inks’ tendency to be pale in the infrared region is well depicted by FORS reflectance 
spectra, as they exhibit high reflectivities between 700-900nm. The acquisition of the 
tristimulous values of each ink, after careful study and comparison led to distinction between 
inks. Copies present enough variation on the tristimulous values that can lead to 
differentiation between them.
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Evert Bastiaan Reijers and Leonardus W. Jenneskens
Organic Chemistry and Catalysis, Debye Institute for Nanomaterials Science, Utrecht University 
Universiteitsweg 99, 3584 CG, Utrecht, The Netherlands 
Two photoworks by Dutch artist Ger van Elk (1941-2014) were investigated. Both 
photoworks (Dutch Grey, Kröller-Müller Museum, 1983 and Nearer to the North, Rijksdienst 
Cultureel Erfgoed (RCE), 1983) consist of a large (chromogenic) photograph painted over 
with, presumably, alkyd-based resins. However, an off-white efflorescence was found to 
gradually cover large areas of the paint layers only. According to accompanying information 
the presence of an efflorescence was first noted ca. 20 years after creation of both 
photoworks.[1] Unfortunately, the efflorescence now disturbs their original appearance to 
such an extent that they are no longer considered suitable for museological exposition. 
Derivatization of paint samples taken from both photoworks using 3-(trifluoromethyl) 
phenyltrimethylammonium hydroxide followed by GC-MS analysis confirmed that the paints 
are alkyd-based resins.[2] GC-MS analysis of efflorescence samples after similar 
derivatization enabled their identification as a mixture of palmitic and stearic acid (ratio 9:1; 
methyl ester derivatives). Independent FT-IR studies of efflorescence samples confirmed that 
they indeed consist of free saturated fatty acids; Q(C=O) stretch vibration ca. 1700 cm-1; 
Q(C=O) stretch vibrations for esters, amides or carboxylate groups are absent. The crystalline 
nature of the efflorescence was confirmed by the distinct methylene rocking vibrations in the 
fingerprint region. SEM-EDX analysis of paint samples substantiated the absence of metals 
capable of metal soap formation. This is in contrast with previous work done by Boon et al.
on numerous oil paintings. They unequivocally identified metal soaps as the main constituents 
of efflorescence.[3-4] Note that oil paintings commonly contain a variety of metal-based 
pigments, from which metal soaps can arise in a time span of 50-100 years.[5] In our case 
however, free saturated fatty acid efflorescence was observed, pointing to a distinct process. 
This is supported by GC-MS and FT-IR investigations of the efflorescence found on two 
additional alkyd-based resin artworks, Zonder Titel by Wim Gijzen (date unknown, acquired 
1978, RCE) and Astronaut Edwin Aldrin by Antonie Burgering (1967, RCE). Note that the 
amount of efflorescence on these alkyd-based paintings was only moderate. Thus, it appears 
that the (chromogenic) photograph upon which paint has been applied affects the propensity 
towards hydrolysis of the fatty acids from the crosslinked alkyd-based resin. This suggests 
that the photographic gelatin layer which can accommodate water and protons (‘acid’) is 
responsible for this enhancement. After hydrolysis, migration of the freed saturated fatty acids 
towards the paint-air interface occurs, yielding the efflorescence. 
Tentative model experiments with cured alkyd-based paint layers mixed with either free 
saturated fatty acids or their triglycerides tend to support this interpretation. Finally, from a 
cultural heritage perspective our results underline the importance of proper storage conditions 
of these type of photoworks from the moment of acquisition. 
[1] Private communication: conservator, Kröller-Müller Museum, Otterlo, The Netherlands. 
[2] K. Sutherland, Journal of Chromatography A, 1149(1), 2007, p. 30-37. 
[3] K. Keune, J.J. Boon, Analytical Chemistry 76(5), 2004, p. 1374-1385. 
[4] G. Osmond, J.J. Boon, L. Puskar, J. Drennan, Applied Spectroscopy 66(10), 2012, p. 1136-1144. 
[5] M.R. Schilling, J. Mazurek, T.J.S. Learner, Modern Paints Uncovered, 2007, London, p. 129-139. 
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RIZRRGVXUIDFH
Maurizio Licchelli(1), Marco Malagodi(1,2), Chiara Milanese(1) and Maduka L. 
Wheththimuni(1)  
(1) Dipartimento di Chimica, Università di Pavia, via Taramelli 12, 27100 Pavia (Italy) 
 (2) Arvedi Laboratory of Non Invasive Analyses, via Bell’aspa 3, 26100 Cremona (Italy) 
Shellac has been widely used as a natural protecting material for wooden furniture and 
musical instruments, due to its excellent film-forming behaviour and aestethical effect, ease of 
application, high adhesion to the wood surface and protecting properties along with its 
nonpoisonous nature [1]. However, its application displays some limitations, such as the 
softness of the coating, photodegradation, and sensitivity to to pH variations [2-3].
In the present study, dewaxed natural shellac was modified by introducing different inorganic 
nanoparticles. Silicates nanoparticles as well as zirconium oxide nanoparticles were added 
with the aim of improving the film hardness, while zinc oxide nanoparticles were expected to 
improve the decay resistance and antifungal performances of the shellac matrix. Different 
shellac-based materials containing different amount (1, 2, or 3%) of silica, montmorillonite, 
zinc oxide, or zirconium oxide were prepared by dispersing nanoparticles in ethanolic 
solutions of shellac. Materials were characterised by performing different experimental 
analyses both on modified shellac films and on maple wood specimens treated by brushing. 
Properties of shellac-based materials were investigated by performing hardness and adhesion 
tests, moisture adsorption mesurements, thermogravimetric analysis, differential scanning 
calorimetry, UV and solar test, contact angle measurements, evaluation of chromatic 
variation, solubility and alkali resistance tests.  X-ray, FTIR and SEM-EDS analyses were 
also carried out on films and treated wood specimens. 
Quality and thickness of the coating are important parameters when products are developed 
for the real case applications. Both native and modified shellac treatments on wood specimens 
provided good quality coatings whose thickness were very close to real applications (about 25 
µm). Hardness measurements performed by international standard test indicated that the 
presence of zirconium oxide, silica and montmorillonite nanoparticles in shellac improves the 
hardness of the resulting coating. In addition, SiO2-shellac applied to wood specimens 
afforded an improvement of hydrophobic properties, while montmorillonite-shellac increased 
the base resistance property with respect to the native shellac.  ZnO-shellac treatment 
preserved almost unaltered the chromatic properties (L*, a* and b* coordinates of the 
CIELAB space) with respect to native shellac, even after the solar ageing (1000h).  
[1] J. Wang, L. Chen, Y.  He, Progress in Organic Coatings (62), 2008, 307–312.
[2] W. H. Gardner, W. F. Whitmore, Industrial and Engineering Chemistry (21), 1929, 226-229.
[3] M. Licchelli, M. Malagodi, M. Somaini, M. Weththimuni, C. Zanchi, Surface Engineering (29), 2013, 121-
127.
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Study of ancient metal samples from Valle delle Forme 
Daniela Di Martino(1), Enrico Perelli Cippo(2), Irene Uda(3), Maria Pia Riccardi(3), 
Alberto Paleari(4), Roberto Lorenzi(4), Antonella Scherillo(5), Costanza Cucini (6), 
and Giuseppe Gorini(1) 
(1) Dip. Fisica G. Occhialini, Università degli Studi diMilano-Bicocca, Milan, ITALY 
(2) Istituto di Fisica del Plasma “P. Caldirola”,Consiglio Nazionale delle Ricerche, Milan, ITALY 
(3) Dip. di Scienza della Terra, Università degli Studi di Pavia, Pavia, ITALY 
(4) Dip. Scienza dei Materiali, Università degli Studi di Milano-Bicocca, Milan, ITALY 
 (5) STFC, Rutherford Appleton Laboratory, ISIS Facility, Chilton, UK 
(6) Metallogenesi s.a.s. Milan, ITALY 
Valle delle Forme (Brescia, Northern Italy) is an archaeological site where ongoing 
excavations have given back a smelting plant of iron minerals, a forge for elaboration of semi-
finished products, but also an “archaic” blast-furnace, and it could represent the “missing 
link” testifying the evolution from the bloomer to the blast furnaces techniques in iron 
production in northern Italy [1,2]. A series of findings (iron based nails) have been studied 
combining different techniques. The nails, dating back to the 1300-1400 AD, present a 
heavily corroded surface (see figure 1). In order to infer indication on the inner part too, with 
the benefit of a non-destructive technique, we first performed a neutron based characterization 
concerning mineralogical phases, through a neutron diffraction study ran at ISIS. However, 
lacking in position sensitivity, we combined this study with Raman and SEM analyses too, in 
order to assign different mineralogical phases to different regions of the nail samples: yet, the 
inner part of the nails contains several different mineralogical phases, as it is evident from 
optical microscopy (see figure 2), and many indications can be derived about the production 
technology from the attribution of these mineralogical phases [3].  
Combining neutron, SEM and Raman analyses resulted in a twofold advantage. First of all, 
we could map the inner part of the nails as a function of the mineralogical phases. In addition, 
this mapping provided a sort of calibration for a better interpretation of the neutron diffraction 
patterns, used also for the nails that were not studied by SEM or Raman. This will be of 
benefit in further non destructive characterization in archaeometallurgy.  
Fig.1 (left-side): typical nail sample – Fig. 2 (right-side): optical microscopy of the inner part of the nail 
[1] C. Cucini, M. Tizzoni, "La Valle delle Forme: i forni e le forge di epoca Bassomedievale", La Miniera 
Perduta, 1999, pp 201 - 214. 
[2] C. Cucini, "Il maglio, la fucina, i forni e il pestaloppe della Valle delle Forme (Bienno, Brescia)", Notizie 
Archeologiche Bergomensi 16, 227-248 (2008). 
[3] P. Dillmann, M. L’Héritier, J. of Archaeological Science 34, 2006, 1810-1823.
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We present research on the luminescent properties of Zn-based semiconductor pigments, 
starting from a multi-analytical laboratory approach for the analysis of historical samples 
which we also apply to non-invasive spectroscopic imaging and micro-analysis of paintings 
on paper. Historical lithopone (ZnS+BaSO4) and ZnO pigments dated to the beginning of the 
20th C and available as both powdered or watercolour samples have been studied. Due to 
imperfections of available industrial synthesis methods, historical Zn-based pigments show a
high degree of heterogeneity in formulations even on the nanoscale[1,2]; therefore, an optimal 
protocol for investigating luminescence properties and the presence of point defects in 
modern semiconductor pigments is proposed which includes: Image Scanning Electron 
Microscopy with energy dispersive X-ray Spectroscopy (SEM-EDX) and X-ray Fluorescence 
Microscopy (XRF) together with Micro-Raman Spectroscopy to provide a preliminary 
identification and determination of the microstructure of paints. Spectrally and lifetime
resolved photo-luminescence (PL) imaging provide the rapid identification and mapping of 
the main emitting centres. Finally, Electron Paramagnetic Resonance (EPR), a powerful 
complementary technique to identify the origin of defect emissions, has been employed to
provide information on the microenvironment of defects in the crystalline lattice related to 
specific paramagnetic ions. The new insights gained from this multi-analytical approach into 
the luminescence properties of Zn- based pigments can be extended to the analysis of
paintings through spectrally and lifetime resolved PL imaging, and applications on paintings 
on paper will be shown with the aim of highlighting the advantages and limitations of the 
technique for the detection of specific pigments and their degradation.
[1] M. Thoury, J.P. Echard, M Réfrégiers, B. Berrie, A. Nevin, F. Jamme, and L. Bertrand, Analytical 
Chemistry, 2011 (83) 1737-1745 
[2] F. Casadio, V. Rose, Applied Physics A, 2013 (111) 1-8 
Acknowledgment: research was partially funded by the Italian Ministry of Foreign Affairs and international 
cooperation within the framework of a bilateral project between Italy and the United States of America, entitled 
"Development and Integration of Complementary Imaging and micro-analytical Methods for the Study of 
Paintings." 
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Synthesis of Forsterite and Enstatite
  Pigments for Glaze Colors 
Catalano M.(1), Bloise A.(1), Miriello D.(1), Chiarelli N.(1), Crisci G. M.(1) 
(1) Department of Biology, Ecology and Earth Sciences, University of Calabria, Arcavacata di Rende (CS), 
Italy 
In recent years the introduction of synthetic pigments in the ceramic industry provided a 
wide variety of aesthetic and decorative solutions. Ceramic glaze, consisting in a layer or 
coating of a vitreous substance fused to a ceramic object, can be charged by coloring 
agents to give general color tint to the object [1]. Many transition metals are used to obtain 
the different tinges: Co (II), Cu (II) and Fe (II) for blue, turquoise and green color, Fe (III) 
and Mn (II) to produce yellow or brown and Mn (III) to obtain purple [2]. In high-
temperature synthesis these chromophore ions enter in the crystalline lattice, replacing the 
ions naturally present and changing the natural color of the mineral. For example, silicates 
such as forsterite (Mg2SiO4) and enstatite (MgSiO3) are very good host matrix for rare 
earth ions and transition metal ions and for this reason, considered excellent for obtaining 
ceramic pigments. Indeed, it is possible to produce a broad palette of pigments based on 
these minerals doped with variable concentrations of the same chromophore [3]. In the last 
years several papers have been published to describe how the isomorphic substitution of 
Mg (II) by Co (II), Mn (II), Zn (II) and Ni (II) in forsterite and enstatite [4, 5] allowed 
synthesizing different colors which possess high archaeometric and technological quality. 
The aim of the present research was to produce ceramic pigments based on synthetic 
forsterite and enstatite crystals doped with different amount of nickel and manganese 
respectively in order to obtain green and reddish shades and to evaluate their influence on 
ceramic pigment properties. Ni-doped forsterite and Mn-doped enstatite have been grown 
by flux growth technique using MoO3-V2O5-Li2CO3 as flux and SiO2, MgO, MnO and NiO 
as nutrients. Several starting mixtures, with different MnO and NiO concentrations, were 
first held at 1350 °C, 1250 °C, 1050 °C and 950 °C in a vertical furnace, then slowly 
cooled down to 750-600 °C (according to the field stability of forsterite and enstatite) with 
different cooling rate and finally, rapidly quenched down to room temperature. The final 
products after the separation from the solidified flux by sonication in hot water were 
studied and characterized by binocular microscope, X-ray powder diffraction (XRPD) and 
scanning electron microscopy with energy-dispersive spectrometry (SEM-EDS). 
Furthermore, in order to study the variations in color produced by the different amount of 
the dopant (i.e. Ni, Mn), colorimetric measurements with a Konica minolta 
spectrophotometer Cm- 2600d under standard illumination D65, including the specular 
component (measuring area: 8 mm) have been carried out on pulverized Ni-doped 
forsterite and Mn-doped enstatite crystals. 
[1] B. Velde, I. C. Druc, Archaeological Ceramic Materials, 1999, Springer, Berlin. 
[2] T. Pradell, G. Molina, J. Molera, J. Pla, A. Labrador, Appl Phys A 111, 2013, 121.  
[3] G. N. Maslennikova, I. V. Pishch, E. V. Radion, Glass Ceram 63, 2006, 281. 
[4] A. Bloise, E. Barrese, C. Apollaro, D. Miriello, Cryst. Res. Technol. 44 (5), 2009, 463.  
[5] M. Catalano, A. Bloise, V. Pingitore, D. Miriello, E. Cazzanelli, M. Giarola, G. Mariotto, E. Barrese, 
Cryst. Res. Technol. 49, 9, 2014, 736. 
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Two classes of products have been historically used for the consolidation and protection of 
stone artifacts and monuments: organic-polymeric materials and inorganic-mineral ones. In 
the last two decades, the research of more effective treatments has been developed towards 
the inorganic-mineral field because of the major compatibility and durability of the new-
formed products. In this paper some aspects of an innovative consolidating and protective 
treatment for carbonatic materials based on the action of di-ammonium phosphate (DAP, 
(NH4)2HPO4) are presented. It produces calcium phosphates characterised by high insolubility 
[1-3]. Experimental studies have been carried out on powders with different grain size of four 
carbonatic substrates (Carrara and Candoglia marble, Noto limestone and synthetic calcite), 
treated by immersion from 24 hours to 7 days in DAP solution (10%). The role of treatment 
time, grain size and kind of substrate in the crystallization process of newformed 
mineralogical phases has been investigated. To ensure this goal a multianalytical approach 
has been necessary using high resolution powder X Ray Diffraction (XRD) in focused ranges, 
Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS), micro-
Raman and FTIR spectroscopies. The analytical results highlighted that the treatment involves 
the formation of a shell-like layer (thickness of 2-10 μm) around the calcite grains, composed 
by a mixture of crystalline and amorphous calcium phosphates. These mineralogical phases 
are arranged in stratigraphical succession and characterized by own size and morphology. 
Starting from the inner part outward, calcium phosphates are progressively more insoluble, 
from brushite (DCPD) and octacalcium phosphate (OCP) to amorphous calcium phosphate 
(ACP), hydroxyapatite stoichiometric, HAP, or not, calcium deficient-HAP (CDHA). A first 
correlation attempt of the “mineralogical composition-morphological appearance” was carried 
out. The data highlighted different issues including the importance of identifying direct 
analytical methods to investigate the effects of the treatment interaction, the nature of the 
newformed mineralogical phases and their distribution within the porous matrix. A first 
attempt was made with EBSD (Electron Back-Scattered Diffraction) on samples embedded in 
polished cross section. Moreover, the study has documented ammonium phosphate 
penetration in porous and compact substrates through the surveys of 5x5x2 Noto and Carrara 
stones specimens treated with DAP 10%. 
[1] M. Matteini, S. Rescic, F. Fratini, G, Botticelli, International Journal of Architectural Heritage: Conservation, 
Analysis and Restoration, 5 (6), 2011, 717. 
[2] S. Naidu, G. W. Scherer, Journal of Colloid and Interface Science, 435, 2014, 128. 
[3] C. Drouet, BioMed Research International, 2013, 2013, 1. 
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The cleaning of painted surfaces is one of the most crucial operation in the restoration practice 
because of its irreversibility [1]. Cleaning requires not only the removal of dirt and grime deposited 
on the surface, but even the removal of aged varnish layer that disfigure the legibility of the image. 
Indeed very thin, highly insoluble layers have to be removed without affecting the inner paint layers 
which can be very similar in term of chemical composition to respect to the varnish one. Especially 
the removal of oil-resins varnishes may be particularly difficult because of the contemporary presence 
of a natural resin, whose solubility may be extremely low due to ageing, and of a polymerized 
siccative oil. Among all the conventional treatments, especially the application of organic solvents, 
that result aggressive and invasive towards the substrates, the enzymatic treatments seem to be very 
promising in terms of cleaning efficiency and non-invasiveness toward art-works [1]. Usually, 
enzymes are applied in aqueous medium and this causes several problems to the substrate including 
the proliferation of biofilms and micro-organisms [2]. 
The present work introduces an innovative removal method for oil-resin varnishes from painted 
surfaces, by combining the selective and specific enzymatic action with the nano-sized surface of 
functionalized graphene [3, 4]. In order to minimize the water content through the painting matrix, 
different solutions of graphene engineered with enzymes have been synthesized and first results of 
the application of colloidal dispersion will be presented. 
Figure 1: Engineered Nano-Graphene with enzymes, for the selective cleaning of oil-resin paint varnishes  
[1] P.Cremonesi, L’uso di enzimi nella pulitura di opera policrome, Il Prato, 2002 
[2] F. Cappitelli, E. Zanardini and C. Sorlini, Macromolecular Bioscience 4 (2004) 399–406 
[3] F. Valentini, M. Carbone and G. Palleschi, Anal Bioanal Chem. 405 (2013) 451-65
[4] F. Valentini, M. Carbone, G. Palleschi, International Journal of Nanotechnology (IJNT) 10 (2013) 508-522
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selenite ornamental elements from the Minoan palace of 
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 (2) Institute of Electronic Structure and Laser (IESL), Foundation for Research and Technology-Hellas, Greece 
 
Palatial Minoan architecture is characterized by its unique light reflections due to the presence 
of the mineral gypsum (selenite), originating from the local quarry, used as building and 
ornamental element. Although not very common in antiquity due to their susceptibility to 
weathering, selenite building elements are the reason for the exceptional iridescence effect of 
the Minoan monuments. 
In a series of restoration works initiated by Sir A. Evans, black cement was employed, mainly 
to attach the gypsum elements to their original position. The extensive use of this 
unconventional conservation material spoils the appearance of Knossean monuments and its 
removal is deemed necessary. Furthermore, its presence enhances degradation processes and 
results into loss of cohesion between the crystal aggregates of selenite. Any attempt to 
completely remove the hard and insoluble dark cement from the monument by mechanical 
means was deemed inappropriate, as inevitable loss of original material occurred. Thus, an 
intermediate approach was decided. Thus, the bulk of the cement was mechanically thinned 
down to a superficial layer, and subsequently other cleaning choices, such as lasers, were 
tested. In this respect the infrared laser radiation emitted from a Q-switched Nd:YAG laser 
system at 1064 nm was found capable to efficiently remove the dark cement encrustations on 
the basis of its self-limiting concept. Still the concern of the scientific community on any 
undesired side effects upon laser cleaning urged for a thorough and surface-specific analytical 
approach. The challenge was to ensure that the natural patination layers and the underlying 
selenite are safeguarded. 
In this context, a number of analytical techniques (SEM-EDS, XRPD, FTIR, μ-Raman) were 
employed in order to ensure that no discoloration or deformation due to chemical alteration 
(dehydration of gypsum to hemi-hydrate and/or anhydrous calcium sulfate) occurred to the 
fragile substrate. Raman spectroscopy was the most prominent analytical tool for our 
purposes, given that the data collected are area specific and thus give unambiguous 
information. Furthermore, imaging techniques were also applied to both assess the cleaned 
surfaces and, most importantly, to monitor the ablation process. The results of this study will 
be shown and discussed with emphasis on the surface condition of the exposed fragile selenite 
substrates before and after irradiation. 
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 (2) Institut de Recherche sur les ArchéoMATériaux (IRAMAT), Centre Ernest-Babelon, 3D, Rue de la 
Férollerie, 45071 Orléans, France 
(3) CTN-IST - Instituto Superior Técnico, Universidade de Lisboa, Estrada Nacional 10, 2695-066
Bobadela, Portugal
. 
Hispano-Moresque ceramic tiles were produced in large scale in the Iberian Peninsula 
between the 15th and 16th centuries. They were profusely used in Portuguese and Spanish 
architecture and were also exported to other European countries and overseas. Seville is 
notorious as the main production centre for these tiles, but other centres are known: e.g. 
Toledo, Granada, and Valencia [1]. Although remaining a controversial subject, the thesis on
the production of Hispano-Moresque tiles in Portuguese territory has been attested by 
documentary and archaeological evidence, in particular the discovery of tiles in kilns in the 
region of Barreiro, Portugal [1, 2]. A stylistic and technical evolution took place from the first 
geometric Islamic alicatado panels to the last Renaissance arista tiles. In the middle, cuerda 
seca tiles were also produced, along with the less common reliefs [1].
In this work, the chemical composition of glazes from three important collections – Palácio 
Nacional de Sintra (Portugal), Mosteiro de Santa Clara-a-Velha (Coimbra, Portugal) [3] and 
Instituto Valencia de Don Juan (Madrid, Spain) – was studied.     
A group of 70 samples was characterised using micro-Particle-Induced X-ray Emission (µ-
PIXE) and Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS). 
Major, minor and trace elements concentrations were measured. Results are discussed 
focusing on the chemical composition and its relation with the geographic and/or 
chronological origin of the samples.
[1] R.A.A Trindade, 2008. Revestimentos Cerâmicos Portugueses. Meados do século XIV à primeira metade do 
século XVI. Edições Colibri/Faculdade de Ciências Sociais e Humanas da Universidade Nova de Lisboa, Lisboa. 
[2] L. Barros, G. Cardoso, A. González,  2003, Primeira notícia do forno de S. António da Charneca – Barreiro, 
Actas das 3as Jornadas de Cerâmica Medieval e Pós-Medieval, 295-307  
[3] S. Coentro, R.A.A. Trindade, J. Mirão, A. Candeias, L.C. Alves, R.M.C. Silva, V.S.F. Muralha, 2014, 
Journal of Archaeological Science, 41, 21-28
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In cleaning an artwork, the operator needs to remove soiling from its surface; the compositional and 
micro-structural complexity of the materials to be removed call for designing new cleaning 
methods. In the past years, effective methods based on organic gels have been proposed. Although 
organic gels are already used by restorers and in a number of different applications, the connections 
among structure, properties and performances are not yet fully understood. Organic gels are 
composed by interconnected long polymer chains dispersed into a liquid (water and/or other 
solvents), forming a three-dimensional networks. This kind of structure allows to control the liquid 
phases diffusion, reducing the risks of a deep solvent penetration .  
This paper is part of a wider project aimed at a complete characterization of Agar, a polysaccharide 
extracted from different species of*UDFLODULD’s red seaweed. It is a natural polymer commonly used 
in biological culture and recently employed with success in the field of Conservation of Cultural 
Heritage, as a physical gel. Agar gel is composed mainly by two polysaccharides:  
- $JDURVH is a linear polymer consisting of alternating D-galactose and 3,6-anhydro-L-
galactopyranose linked by glycosidic bonds, and it forms the agar gelling fraction
- $JDURSHFWLQ is an heterogeneous DJDURVH heavily modified with acidic side-group, such as 
sulphate and pyruvate, that reduces the gelling properties. 
A review of the literature highlights that it is not yet clarified if the cleaning capability of Agar gels 
is linked to the solvent action only (water or organic solvent) or also to the polysaccharide structure 
and components [1-2-3]. For this reason the role of minor components such as mono and 
disaccharides should be better clarified. As for any other natural substance seasonal and 
geographical variation, and the extraction process details influence the composition. Experience 
collected up to now suggests that commercially available Agar powders show different cleaning 
performances. An insight into the structure of some of the materials currently used in the 
conservation field in Italy will allow a comparison with other powders used in the biological and 
food field. Results will be important for the proper understanding of the cleaning processes. 
The study of this natural polymer will be carried out with different diagnostic techniques, from 
microscopy and spectroscopy to chromatography.  In this paper a spectroscopic investigation, 
particularly with Fourier Transformation Infrared Spectroscopy (FTIR) and (FT-)Raman 
Spectroscopy, is presented in order to characterize the raw powders [5-6-7-8]. Moreover 
chromatographic separation techniques will be used to collect qualitative and semi-quantitative 
information of these organic compounds. The survey will continue with the study of the gel 
structure and its properties, in order to identify differences that could be important for improving 
the effectiveness and selectivity of the cleaning method. 

(1) E. Campani, A. Casoli, P. Cremonesi et al., Quaderni del Cesmar7, n. 4, Padova, 2007 
(2) D. Gullotta, D. Saviello, F. Gherardi, L. Toniolo et al., Heritage Science Journal, 2014, 2-6 
(3) N. Piero-Taboada et al.., Environmental Science and Pollution Research, 21 (21), 2014, 12518-12529 
(4) A. Sansonetti et al, 12th International Congress on the Deterioration and Conservation of Stone, New York, 2012 
(5) E. Gómez-Ordóñez, P. Rupérez,  Food Hydrocolloids, 25, 2011,1514e1520 
(6) J. Praiboon, A. Chirapart et al., ScienceAsia, Supplement, 1, 2006, 11-17 
(7) L Pereira, A. Sousa, H. Coelho et al., Biomolecular Engineering, 20, 2003, 223-228 
(8) T. Chopin, B. F. Kerin et al., Phycological Research, 47, 1999, 167–188 
TECHNART 2015 POSTER SESSION 2
P2-23
*UHHQ3LJPHQWVLQ(JJ7HPSHUD7HFKQLTXH
6WXG\RIDFFHOHUDWHGDJLQJE\ SK\VLFRFKHPLFDOPHWKRGV
E. Likartsi(1), L. Malletzidou(1), T. Zorba(1), G. Vourlias(1), N. Nikolaidis(2), 
and K. M. Paraskevopoulos(1)  
(1) Physics Department, Aristotle University of Thessaloniki, 54124, Thessaloniki, Greece 
(2) Chemistry Department, Aristotle University of Thessaloniki, 54124, Thessaloniki, Greece
Egg tempera is a painting technique that was used by great artists through the centuries as it
gives great plasticity and color brilliance to whichever artwork is used. Pigments can be 
natural or synthetic, inorganic and organic, grounded into fine powders. The green pigments, 
to which this study is focused, such as malachite or verdigris, are used since ancient times but 
are very problematic and unstable colors [1]. Determining the degradation mechanisms of 
these materials helps a conservator to plan the methods of preventive and interventive 
conservation of works of art, which has aesthetic aims and also leads to prolonging life 
expectancy as well as better exhibition and storage conditions in the future [2]. 
The present analysis is part of a comprehensive study of the artificial aging of pigments in 
different painting techniques and focuses on different green pigments (malachite, verdigris, 
viridian, green earths etc) mixed with egg yolk as a medium. The samples were aged 
artificially in different conditions in order to isolate the factors that influence them. At first
the samples were kept for 45 days at 60oC in a special drying oven and then for 24 hours at 
120°C lacking humidity in another oven. In a second experiment thin layers of the samples
were exposed to UV light for 700 hrs in a UV chamber inside which the temperature was 
50oC and the relative humidity was 40% [3]. Measurements were taken periodically using 
techniques of infrared spectroscopy with Fourier transform (FTIR) and X-ray diffraction 
(XRD) in order  to identify the possible changes in the chemical composition of the samples. 
Changes in the physical properties were observed with the naked eye. The samples were also 
measured by a reflective spectrophotometer so as the colour coordinates L,a,b,E,H to be 
determined [4]. 
The experimental results showed that heat alone does not chemically affect the samples and 
does not contribute to their aging process. As far as physical properties are concerned, a 
change in the color of the samples was observed and the surface of some of them was 
crackeled. However, regarding the influence of UV radiation combined with temperature, 
significant changes were observed in the FTIR spectra mainly to the sample of the pure 
binder, as well as cracking, yellowing and discoloration [5]. Τhe results concerning the 
interaction of organic binders with inorganic pigments and the overall observation on the light 
fastness of the colors were very interesting and will be discussed extensively. 
[1] N. Eastaugh, V. Walsh, T. Chaplin, R. Siddall, Pigment Compendium, Butterworth-Heinemann 2004, 248 
and  385 
[2] P. Dellaportas, E. Papageorgiou, G. Panagiaris, Heritage Science 2, 2014, 2 
[3] D. Saunders, J.  Kirby, National Gallery Technical Bulletin 15, 1994, 79 
[4] L. Samain, G. Silversmit, J. Sanyova, B. Vekemans,H. Salomon, B. Gilbert, F. Grandjean, G. J. Long, R. P. 
Hermann, L. Vincze, D. Strivay,  J.Anal. At. Spectrom. ,26, 2011,  930 
[5] M.San Andres, J.M de la Roja, V. G. Baonza and N. Sancho,  J.Raman Spectrosc. 41, 2010,  1468  
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Paola Letardi(1), Barbara Salvadori(2), Monica Galeotti(3), Andrea Cagnini(3), 
Simone Porcinai(3), Alessandra Santagostino Barbone(3) and Antonio 
Sansonetti(4)
(1) CNR-ISMAR, Genoa branch, via De Marini 6, 16149 Genova - Italy 
(2) CNR-ICVBC, Florence branch, Via Madonna del Piano 10, 50019 Sesto Fiorentino (FI) - Italy 
(3) Opificio delle Pietre Dure, Via Alfani, 78, 50121 Firenze - Italy 
(4) CNR-ICVBC, Milan branch, Via Cozzi 53, 20125 Milano - Italy 
Several analytical techniques are nowadays available to investigate topics relevant to cultural 
heritage. Among them, the one which allow for non destructive and in-situ measurements are 
of utmost interest. Even though more and more portable instrumentation is available, some 
limitations on obtainable results apply on complex cultural heritage surfaces especially when 
non destructiveness is taken into account. 
We adopted a multi-analytical approach to compare 
different conservation treatments during the restoration 
works [1] on bronze artifacts. An appropriate number of 
surface areas was identified and 
their properties and homogeneity 
were characterised in situ by means 
of colorimetry, Eddy Current patina 
thickness measurements, FT-IR 
spectroscopy and Electrochemical 
Impedance Spectroscopy (EIS). The results on surface composition, 
appearance and corrosion rate of the different treatments have been 
compared with the properties of the un-cleaned area with the same 
set of in-situ analytical techniques. A suitable number of 
measurements for each technique and selected area has been 
acquired in order to statistically characterise the effect of the 
different conservation treatment methodologies taking into account 
the more or less surface homogeneity typical of bronze artifacts 
which have been exposed outdoor. 
Based on the results obtained on the bronze artifacts analysed, we enlighten the role of the 
different analytical techniques adopted and the effectiveness of the described in situ multi-
analytical approach towards a better conservation-restoration methodology for outdoor 
bronzes. 
[1] A.Sansonetti, M.Colella, C.Colombo, P.Letardi, M.Realini, B.Salvadori, J.Striova, in "Métal à ciel ouvert" - 
ICOMOS France, 2014, 186. 
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David Buti 1, Anna Vila 1, Anne Haack Christensen 1, Troels Filtenborg 1, Loa 
Ludvigsen 1, Kim N. Dalby 2, Jørgen Wadum 1  
1 Centre for Art Technological Studies and Conservation, Statens Museum for Kunst (CATS-SMK), Sølvgade 48-50, 1307 
Copenhagen K, Denmark 
2 NanoGeoScience. Department of Chemistry. University of Copenhagen. C110 Universitetsparken 5, DK 2100 Copenhagen 
Ø, Denmark 
The use of clay grounds containing quartz was first observed in the Netherlands in artworks from 
Rembrandt’s workshop after 1640 [1, 2]. In addition, contemporary written sources outside the 
Netherlands mention this practice in Italy and Spain [2]. However, the reason for using clay as a 
constituent in paintings has still not been much investigated, neither with regard to the processing nor 
the trade of the material. Did it give a particular colour/structure in order to achieve a specific final 
effect of the painted surface? Was clay cheaper than chalk, calcium sulphate or earth pigments? Did it 
give more flexibility to the painting support? Was it connected to the tile industry? Was it a waste/reuse 
from the ceramic production?  
To better understand the role of clay ground as a material and its influence on painting techniques, a 
number of Danish and Italian 17th century paintings from the Statens Museum for Kunst (SMK) 
collection were surveyed by means of SEM-EDX analyses, FTIR and Raman spectroscopy in order to 
characterize the materials employed in the red ground layers. The results indicate that these Danish and 
Italian grounds consist mainly of clay and quartz mixed with iron-based compounds. The investigation 
is demonstrating how widespread the use was of clays as constituent in paintings when comparing the 
analytical results performed on artworks from Northern and Southern Europe. 
This preliminary study will lead to further research focused on the link between artistic schools of the 
period, the transmission of technology and knowledge of employing this type of clay grounds and, 
possibly, tracing the origin of the raw materials employed in the grounds.  
[1] K. M. Groen, ArtMatters - Netherlands Technical Studies in Art, 3, 2005, 138-154. Waanders, Zwolle. 
[2] K. M. Groen, "Grounds in Rembrandt´s workshop and in paintings by his contemporaries", in E. van de Wetering et al. 
A Corpus of Rembrandt Paintings, 2011, 318-334 + 660-677. Springer, Dordrecht 
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María Teresa Doménech-Carbó(1), Annette S. Ortiz-Miranda(1), Laura Osete-
Cortina(1), Miguel F. Silva(1) and Antonio Doménech-Carbó(2)
(1) Instituto de Restauración del Patrimonio. Universitat Politècnica de València. Camino de Vera s/n, 46022-
Valencia, Spain 
 (2) Departamento de Química Analítica, Universitat de València, Avda. Dr. Moliner s/n, 46100-Burjassot, 
Spain
Egg (the whole egg, the yolk or the white) is a natural product used since ancient times as 
painting medium in Europe. However, the egg yolk tempera is what better reflects the 
traditional painting practice. Egg yolk is a complex multicomponent microstructured system 
susceptible to the combined influence of pigments and environmental deterioration agents 
responsible for changes in its structure and composition and, consequently, on the physico-
chemical properties and ageing behaviour of the paint. The study presented here focuses on 
the modifying effect of light on egg yolk-based binding media traditionally used by artists. 
For this purpose, a microanalytical multi-technique approach including ATR-FTIR 
spectroscopy, GC-MS, SEC, FESEM-EDX and nanoindentation-AFM is applied on a series 
of model paint films prepared with cadmium yellow (CdS), massicot (PbO), iron oxide red 
(Fe2O3) and zinc white (ZnO) bound with egg yolk and subjected to intense irradiation with 
UV light. The study carried out confirms that yolk proteins attached to the pigment grains 
change their secondary structure upon photoageing. In particular, a reduction in the 
contribution of intermolecular -sheet and turns conformations is observed with the 
concomitant increase in the contribution of intramolecular -sheet, -helix and random coil 
structures. Light irradiation promotes hydrolysis of fatty acids from lipids, in particular in 
zinc white and massicot specimens. Light exposure also affects notably cholesterol content,
which significant esterification and oxidation after radiation exposure. These effects are more 
evident in presence of pigments, in particular, massicot. The results obtained also confirm that 
the network formed during drying including proteins, triglycerides and phospholipids, is 
altered by light irradiation in a different degree depending on the pigment bound to the yolk. 
Dimeric to pentameric species formed from triglycerides and phospholipids were identified in 
photoaged pure yolk specimen. Higher oligomeric fractions were found in massicot and zinc 
white specimens whereas cadmium yellow and iron oxide specimens showed a behavior 
closer to pure yolk. Consequently, a variation of elastic modulus of photoaged paint 
specimens, measured at microscale, is observed. Chromatographic results are also in 
agreement with examination of microsamples by FESEM. Images obtained show a notable 
loss of the degree of reticulation of the binder as well as a loss of micro- and nanostructures 
such as granules and LDL micelles.  
$NQRZOHGJHPHQWV Financial support is gratefully acknowledged from the Spanish “I+D+I MINECO” projects 
CTQ2011-28079-CO3-01 and 02 and CTQ2014-53736-C3-1-P supported by ERDEF funds. The authors wish 
also to thank Mr. Manuel Planes and Dr. José Luis Moya, technical supervisors of the Electron Microscopy 
Service of the Universitat Politècnica de València.  
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L.Teodonio (1,2, 3), A.C. Felici(4),J. Lojewska(5), M.C.Misiti(3),  
P. Colaizzi(3), A. Mosca Conte(2), O. Pulci(2), C. Violante (2), M. Missori(1)
(1) Istituto dei Sistemi Complessi,CNR, Via Salaria Km 29.300, Monterotondo Scalo, Rome, Italy. 
(2) ETSF, MIFP, Dip. di Fisica, Università di Roma Tor Vergata, Via della Ricerca Scientica 1, Rome, Italy. 
(3) ICRCPAL, MIBACT, via Milano 76 00184, Rome, Italy. 
(4) Department of Scienze di Base e Applicate per l’Ingegneria, La Sapienza University, Rome. 
(5) Faculty of Chemistry, Jagiellonian University,Ingardena 3, 30-060 Kraków, Poland. 
X-Ray Fluorescence spectroscopy (XRF) is an extensively used technique for elemental 
analysis of cultural heritage [1]. We have applied this technique to several Italian paper sheets 
dated back to XV century, belonging to Corpus Chartarum Italicarum (CCI), to determine the 
quantitative presence of Cu, Fe and Ca elements. CCI is a collection of about 5000 
watermarked papers conserved at the Istituto Centrale per il Restauro e la Conservazione del 
Patrimonio Archivistico e Librario (ICRCPAL) in Rome, Italy. The ancient paper samples 
show different degrees of degradation and discoloration which can due to the action of 
environmental variables (i.e. temperature, humidity, lighting) and interaction with impurities 
within paper structure.  
The presence of impurities is frequent in ancient paper. Traces of Fe and Cu are probably due 
to the process of draining through the sieve, pressing and drying of paper sheet during ancient 
production; Ca is originated from the hardness of water used in ancient paper mills. The 
quantitative analysis was allowed by calibrating the XRF counts by using Whatman n. 1 paper 
samples embedded with known concentration of Cu, Fe and Ca elements as measured by 
Atomic Absorption spectroscopy.  
The optical properties were quantified by using ultraviolet-visible-near infrared 
(UV/Vis/NIR) absolute diffuse reflectance spectra in combination with a theoretical approach 
based on ab-initio Time-Dependent Density Functional Theory calculations [2-4]. This 
approach is able to identify and quantify the presence of chromophores responsible for paper 
yellowing. 
In this way, by using completely non-destructive approaches, we were able to highlights 
statistical correlation between the presence of Cu, Fe and Ca in XV century Italian paper and 
their impact on the optical properties. 
[1] M. Bicchieri, S. Ronconi, F.P. Romano, L. Pappalardo, M.Corsi, G.Cristoforetti, S.Legnaioli, M. Hidalgo,V. 
Palleschi, A. Salvetti, E. Tognoni, Spectrochimica Acta Part B, vol. 57(7) 1235-1249, 2002. 
[2] A. Mosca Conte, O. Pulci, A. Knapik, J. Bagniuk, R. Del Sole, J. Lojewska, and M. Missori, Phys. Rev. 
Lett., 108, 158301, 2012. 
[3] M. Missori, O. Pulci, L. Teodonio, C. Violante, I. Kupchak, J. Bagniuk, J. Lojewska, and A. Mosca Conte, 
Phys. Rev. B, 89, 054201, 2014. 
[4] A. Mosca Conte, O. Pulci, M. C. Misiti, J. Lojewska, L. Teodonio, C. Violante, and M. Missori, Appl. Phys. 
Lett., 104, 224101, 2014. 
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Meriç Bakiler, Burcu Kırmızı, Özden Ormancı, Özge Boso Hanyalı, Uğur 
Alanyurt, Gülgün Köroğlu
Mimar Sinan Fine Arts University, Material Research Center for Cultural Property and Artworks, 34380 
Bomonti østanbul/Turkey 
. 
Roman wall paintings have long attracted the interest of researchers in many aspects as they 
represent elaborate painting scenes in various architectural contexts with a wide range of vivid 
colors. Studies concerning the materials and technique of the Roman wall paintings in 
Anatolia are scarce, especially in the context of the Black Sea region. Balatlar Church 
Complex is located in the city center of Sinop which was an important trade and cultural 
center on the southern coast of the Black Sea since the Hellenistic period. The ongoing 
excavations since 2010 revealed that the building’s earliest construction phase dated to the 
2nd-3rd centuries as a Roman imperial bath [1]. Then it was converted into a church in the 4th
century and finally an Orthodox monastery during the 15th-16th centuries.  
The present study aims to characterize the wall painting samples recovered from the first 
construction phase, mostly dated to the 3rd century. The color palette includes tones of red, 
brown, yellow and green. The painting and the associated plaster layers were analyzed in 
order to characterize the raw materials and the technology used in their production. The colors 
of the painting layers were measured by spectrophotometry in the CIELab color system. The 
sections of the samples were observed under the stereomicroscope to reveal the stratigraphy 
of the paintings including the preparatory plaster layers. Chemical analyses of the plasters 
involved the weight loss on ignition, the determination of binder and aggregate ratios by acid 
treatment. Granulometric and physical property analyses were also carried out as the first step 
in their characterization. Thin section analysis together with XRD and SEM-EDX analyses of 
the plaster samples were then performed. The painting layers were analyzed by XRD, SEM-
EDX, µ-XRF and µ-Raman spectrometry to understand which type of pigments were used. 
FTIR was also performed to reveal if any type of organic binder was present in the painting 
layers. 
With the combination of various modern analytical techniques, the outcomes of this study are 
expected to shed light on the painting techniques and the pigments used for the Late Roman 
period in the Black Sea Region. This study will also allow for the comparison of the pigment 
types used in different time periods in the same complex.
[1] G. Köroğlu, 34. Kazı Sonuçları Toplantısı 3, 2013, 313. 
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Sotiria Kogou(1), Andrei Lucian(1), Lucia Burgio(2), Kate Bailey(2), Charlotte 
Brooks (3)and Haida Liang (1)
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(1) School of Science & Technology, Nottingham Trent University, Nottingham NG11 8NS, UK  
(2) Science Section, Conservation Department, Victoria & Albert Museum, South Kensington, London SW7 
2RL, UK  
(3) Royal Horticultural Society, Lindley Library, 80 Vincent Square, London SW1P 2PE, UK 
The Victoria and Albert Museum (V&A) and Royal Horticultural Society (RHS) have a large 
collection of Chinese export watercolour paintings from the 18th and 19th century. This study 
aims to better understand the painting techniques and materials of these watercolour 
paintings, exploring trade and cultural exchanges between China and Europe of this period 
through insights from technical art history. Most institutions do not allow samples to be taken 
from paper-based objects for ethical reasons. Consequently, conventional scientific analysis 
(often destructive) is usually restricted to detached pigment particles. These studies are 
therefore inherently limited; the results may not even be representative of the paintings as a 
whole. For this reason, an effective method of a range of non-invasive imaging and 
spectroscopic techniques is developed in order to examine these paper-based works of art and 
address art history and conservation issues.
In this project, we address art historical and conservation research questions relating to these 
paintings through the application of a suite of novel non-invasive imaging and spectroscopic 
techniques involving multispectral imaging, optical coherence tomography (OCT), X-ray 
Fluorescence (XRF), Raman and Fiber Optic Reflectance (FORS) spectroscopy. 
Multispectral Imaging provides the ability of imaging large areas. PRISMS, the remote 
spectral imaging system developed in our group for high resolution remote multispectral 
imaging at any distances up to 30 m was designed for efficient large scale high resolution 
imaging of paintings of any size. Given that most painting material have only broad spectral 
features in the wavelength range that this technique operates (400-900nm), PRISMS system  
is mostly used for preliminary pigment identification and detection of underdrawings (in NIR 
regime). For the improvement of the specificity in the identification of a handful of pigments 
the higher spectral resolution provided by Fibre Optic Reflectance Spectroscopy (FORS) is 
required. Raman and XRF spectroscopy are non-invasive techniques that provide highly 
specific molecular and elemental identification respectively. One limitation of Raman 
spectroscopy is its inability to identify highly fluorescent material such as organic colorants 
and binders. In this project this limitation is partially overcome by using the visible spectral 
reflectance collected using the FORS technique. Given that most of the colorants in these 
paintings are results of either layered or mixed paints, a Kubelka-Munk (KM) based code was 
used in combination with FORS measurements for pigment mixture identification. Drawing 
material identification is also performed combining Raman spectroscopy, NIR imaging 
provided by multispectral imaging and OCT imaging. Finally, the use of the OCT system 
enables paper identification by both fibre length and comparing the differences in light 
scattering properties. In this study, we concentrate on the multi-modal non-invasive analysis 
for the identification of painting materials (i.e. pigment, drawing material and paper), 
studying in depth the extent the complementarity of these techniques can bring to material 
identification. In a range of cases where none of these techniques individually gave clear 
identification, a combined approach gave firm identification. 
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Giuseppe Egidio De Benedetto(1), Daniela Fico(1), Antonio Pennetta(1)  
(1) Laboratorio di Spettrometria di Massa Analitica ed Isotopica, Dipartimento di Beni Culturali, Università del 
Salento, Edificio M, campus Ecotekne, s.p. Lecce-Monteroni, I-73100, Lecce, Italy 
Two important stone materials of Salento (Puglia-Southern Italy), carparo and pietra leccese,
are employed since ancient times by local craftsmen to produce the complex and well known 
architecture of Lecce, spanning over the centuries from Roman period to Baroque.  
Between the 17th and the 19th centuries the facades of some buildings in stone were often 
treated and finishing techniques were applied for aesthetic, hygienic, protective or 
conservative purposes [1].  
Knowledge of the finish materials applied on the facades of these buildings is important to 
plan a correct restoration and to preserve the cultural heritage and the tourism of the city of 
Lecce; however, there are several difficulties such as the scarcity of written sources, since the 
finishing techniques used in the past were jealously preserved by artisans, some biomarkers 
are unknown, and, mainly for organic materials, the phenomena of alteration and degradation 
that inhibit a direct identification of the ancient techniques. 
A few years ago gas chromatographic analyses were performed on samples from Santi 
Niccolò e Cataldo church (Lecce) [2], but, on considering the manuscript of De Giorgi [3], the 
results did not agree with literature data. The study of literary, historical and oral sources has 
led to a list of natural products that could have been applied on the building surfaces as 
protective coating: among them, walnut oil, ovine or bovine milk, leaf of the prickly pear, 
wax, and bulb of the “Drimia maritima” plant; with these materials test specimens were 
prepared and subjected to artificial and natural aging. A multidisciplinary approach 
comprising optical, spectroscopic and chromatographic techniques gave new evidence useful 
to understand past surface treatments and the relevant results will be presented and discussed 
in the present poster.
Figure-Scientific activities carried out on the real samples and test specimens.
[1]D.G. De Pascalis, L'arte di fabbricare e i fabbricatori, Nardò, Besa, 2001.  
[2]R. Casciaro, G. De Benedetto, D. Rizzo, Indagini Py-GC/MS sulle tecniche di finitura dell’architettura in 
pietra a Lecce e provincia, in Atti del XXII Congresso Nazionale della Società Chimica Italiana, Firenze, 10-15 
Settembre 2006. 
[3]C. De Giorgi, I monumenti nazionali in Terra d’Otranto, 1884, in Il tempio di Tancredi. Il monastero dei SS. 
Niccolò  e Cataldo in Lecce, a cura di B. Vetere, Cinisello Balsamo, 1996, pp. 156-158.
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Angelica Bartoletti(1), Marianne Odlyha(2), Jonathan C Knowles(1),  Kathleen 
Mühlen Axelsson(3), René Larsen(3) and Laurent Bozec(1)
(1) Division of Biomaterials and Tissue Engineering, Eastman Dental Institute, University College London, 
256 Gray's Inn Road, London WC1X 8LD, United Kingdom. 
 (2) Department of Biological Sciences, Birkbeck, University of London, Malet St, London WC1E 7HX,
United Kingdom.
(3) School of Conservation, Royal Danish Academy of Fine Arts, Esplanaden 34, DK-1263 Copenhagen C, 
Denmark.
The preservation of collagen-based artefacts (parchment and leather) represents a significant 
challenge for conservators due to the extreme sensitivity of these materials to environment 
changes (fluctuation in temperature, humidity, level of organic compounds). Historical 
parchments are complex materials in terms of conservation strategies as deterioration cannot 
always be detected by the naked-eye or at the mesoscale and this may lead to further damage 
of the artefact due to inappropriate conservation treatments or storage conditions.
The translation of analytical tools emerging from other scientific fields, such as medicine or 
tissue engineering, brings new understanding to conservation problems affecting cultural 
artefacts. As such, a new variety of diagnostic techniques, such as the Atomic Force 
Microscopy (AFM) and Localised Thermal Analysis (LTA), is now available for conservators 
to investigate the state of degradation of parchment artefacts without altering or damaging the 
artwork itself.
Combining the nano-sampling and the visual assessment approach designed by René Larsen 
and widely used in the IDAP FP7 and MEMORI FP7 Projects [1-3] with AFM and LTA, it is 
possible to have a complete understanding of the state of degradation of the parchment 
artefacts at the level at which physical deterioration starts occurring as the result of chemical 
and other breakdown factors. A novel protocol has been designed to assess the damage of 
collagen within parchment at the nanoscale, based on a quantitative analysis of the AFM and 
LTA data. This approach is also proving particularly potent in evaluating the inherent damage 
present in the collagen scaffolds in historical parchment samples. Finally, these two 
techniques have also been successfully applied for the first time to investigate the impact of 
novel conservation approaches designed for parchment by identifying early signs of 
alterations in the collagen structure due to the treatments (i.e. application of solvents) not 
detectable with other techniques. 
[1] Improved Damage Assessment of Parchment (IDAP). Assessment, Data Collection and Sharing of 
Knowledge. European Commission Research Report No. 18. 2007, Luxembourg. 
[2] K. Mühlen Axelsson, R. Larsen and D.V. Poulsen Sommer, Journal of Cultural Heritage 2012, 128.
[3] E. Dahlin (ed), Final report MEMORI project, 2014 
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CT examination of two Vatican Egyptian child-mummies: 
fake or authentic archeological finds? 
Sveva Longo (1), Alessia Amenta (1),  
Fabio Morresi (1), Ulderico Santamaria (1)  
 
(1) Musei Vaticani, Italy 
 
Egyptian mummies is a very important source of fascination and curiosity. In the pre-
radiologic era the only approach for mummies investigation was a destructive one with loss of 
integrity of the specimens and consequently severe damage of cultural heritage that this find 
represent. Several non medical uses of Computed Tomography (CT) has been reported in 
literature [1], such as non-invasive investigation of artistic heritage. The CT scan has been 
used in the study of Egyptian finds since 1977, when Lewin PK and Harwood-Nash DC 
evaluated, for the first time, the ancient Egyptian brain of a weaver [2]. The evolution of CT 
scanners allowed to easily study several mummies anatomical details not demonstrable with 
conventional plain X-ray. However, it should be noted, that not all of the collected mummies 
were authentic, indeed several fake specimens across the different heritage collection of the 
world has been reported [3]. These fake objects were reported in literature since the 
eighteenth-century; one of them was described in 1809 by Jomard E., a member of the Institut 
d'Égypte founded by Napoleon, who commented the find of falsified mummies with these 
words: “removed the exterior bandages remained only a pile of bones, bitumen and dried 
leafy branches without any form” [4]. These mummies were also called pseudo-mummies and 
are classified in: Pharaonic-Roman reliable source and modern age ones [3]. 
The Egyptian section of Vatican Museum, Vatican State, Rome, Italy, houses several 
authentic mummies and coffins of the Ancient Egypt; among these, there are also two little 
mummy-shaped objects, called in their inventory “child-mummy n° 57852 and 57853”, 
whose authenticity was not clearly revealed. 
The aim of our study is to investigate the surface and the content of the two Vatican Museums 
“child-mummies” and to assess the material used for their assembly, by using an approach 
based on computed tomography (CT) thin-slice scan and on other techniques. 
 
[1] Van Kaick G, Delorme S. Computed tomography in various fields outside medicine. Eur Radiol 2005; 
15(suppl4): D74 – D81. 
[2]Lewin PK, Harwood-Nash DC.X-ray computed axial tomography of an ancient Egyptian brain. International 
Research Communication System, Medical Sciences 1977 5:78.  
[3] Germer R, Kischkewitz H and Lüning M. Pseudo-Mumien der ägyptischen Sammlung Berlin. Studien zur 
Altägyptischen Kultur. 1994 Bd. 21, 81-94. 
[4] Jomard E. Description des hypogées de la ville de Thèbes. 1809, Description de l’Egypte I, 345-6 
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Michela Botticelli(1), Gaia Appolloni(1), António Candeias(2) and Adriana 
Maras(1)
(1) Dept. of Earth Sciences, University of “Sapienza”, 00185 P.le Aldo Moro, Rome, Italy 
 (2) HERCULES Lab, University of Évora, Palácio do Vimioso, Largo Marquês de Marialva, 8 7000-809 Évora, 
Portugal 
The use of red and yellow ochre in the history of painting is widespread and well documented 
since Prehistory. Archaeometric investigations on prehistoric artifacts suggest that even in this 
period a common way to synthetize red ochre was known: the simple heating of yellow ochre 
[1]. However, the spreading of this synthetic process is still unknown because no fixed 
analytical procedure is established to discriminate synthetic and natural ochre on works of art.  
This research aims to study the synthetic processes, both for yellow and red ochre, their main 
constituents being respectively goethite and hematite. Goethite synthesis has been carried out 
from Fe(NO3)3 and KOH reaction [2]. Hematite has been synthesized from the latter and from 
natural samples of yellow ochre by heating in a muffle furnace. All the products have been 
analyzed by IR spectroscopy (μ-FTIR), X-ray diffraction (XRD) and scanning electron 
microscopy (SEM). Goethite heating has been studied also by means of  thermogravimetric 
analysis (TGA and DTG). 
Significant differences, both micro-structural and morphological, have been underlined to 
distinguish natural and synthetic ochres. This multi-analytical approach is thus proposed to 
define the historical process of introducing synthetic red ochre in painting. At the same time, 
the main feature of a synthetic yellow ochre are here underlined to eventually recognize it as a 
retouch pigment. 
[1] M. P. Pomiès, G. Morin, C. Vignaud, European Journal of Solid State Inorganic Chemistry 35, 1998, pp. 9-
25. 
[1] U. Schwertmann, R. M. Cornell, Iron Oxides in the Laboratory, WILEY-VCH, 2000, pp. 73-74. 
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Poljanska 40, 1000 Ljubljana, Slovenia 
 (2) Slovenian National Building and Civil Engineering Institute, Dimiþeva 12, 1000 Ljubljana, Slovenia
Study deals with Raman and FTIR microspectroscopy of paint layers of Roman wall paintings 
from various sites of Slovenia. Samples were collected among the wall paintings excavated 
during archaeological investigations of two Roman towns; Emona (Ljubljana) and Celeia 
(Celje), as well as villa maritima (archaeological site San Simone) and two villae rustica
(archaeological sites Školarice and Mošnje).  
The colour palette of Emona, Celeia and San Simone wall paintings is quite diverse, including 
red, green, blue, grey, violet, black, yellow, pink, and white. Also the painting motifs, such as 
geometrical patterns, flowers and animals are more varied in samples from above mentioned 
locations. On the other hand, only red, black, brown and white characterise Mošnje wall 
paintings.  
Figure 1. Red paint layer with hematite. (a) Optical microscope, reflective light. (b) Raman spectrum of red 
ochre - hematite (laser 785).  
According to the stratigraphic analysis most commonly one paint layer was applied, while 
details (flowers and geometrical patterns) were painted using two or even three paint layers. 
Wall paintings were mainly executed in fresco, while details were painted in secco technique. 
Pigments such as red ochre (hematite), yellow ochre (goethite), Egyptian blue (cuprorivaite), 
green earth (celadonite), vermilion (cinnabarite), red lead (minium), lime white (calcite), and 
carbon black (amorphous carbon) were identified. According to Pliny all identified pigments, 
with the exception of vermilion, belong to the so-called “austere” or sombre. The latter were 
identified in almost all locations, whereas, vermilion and minium, of which vermilion belongs 
to more expensive pigment, were recognised only in Celeia. This reflects differences in 
prosperity between locations, or the degree of investments in public and private architecture. 
Analysis revealed organic binder (proteins) in paint layers of some samples from San Simone 
and Školarice, while in others binder is lime. 
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2D-Fluorescence studies of neat binding media and 
simulated paint mixtures 
 
S. Carlesi(1), A. Philippidis (2), M. Becucci (1), M. Ricci (1) and D. Anglos (2, 3) 
(1) Dipartimento di Chimica, Università degli Studi di Firenze, Polo Scientifico e Tecnologico, via della 
Lastruccia 3, I-50019, Sesto Fiorentino (Firenze), Italy. 
(2) Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas (IESL-FORTH), 
P.O. Box 1385, GR 711 10 Heraklion, Crete, Greece 
(3) Department of Chemistry, University of Crete, P.O. Box 2208, GR 71003 Heraklion, Crete, Greece 
 
Spectrofluorimetric analysis of binding media can be particularly useful, because organic 
materials employed in paintings are often fluorescent and binding media from different 
sources have different fluorescence spectral profiles. [1] 
In this work, fluorescence excitation-emission maps were acquired for the analysis of 
traditional binding media used in paintings such as drying oils (linseed oil, walnut oil, poppy 
oil and stand-oil derived from linseed oil), proteinaceous materials (egg yolk, egg white, 
whole egg, casein, rabbit skin glue, strong glue and fish glue) and polysaccharides (arabic 
gum and tragacanth gum). Furthermore, the presence of a pigment was investigated. Since 
pigments co-exist with and may be linked to binding media in paintings, analysis is often 
complicated due to pigment-binder interactions which can be both chemical and physical. So, 
paint samples based on lead white (basic lead carbonate) were prepared with different binders, 
egg-based, casein, linseed oil and poppy-seed oil. Each sample was individually applied as a 
thick film on a microscope glass slide and left to dry at least one year before analysis. 
2D-Fluorescence provides distinct advantages for understanding the complex mixture of 
fluorophores in binding media. This technique can provide more complete information 
regarding the presence of fluorophores, their wavelength dependence, their emission and 
excitation maxima and the relationship between multiple fluorophores enabling identification 
of binders. [1] Moreover the excitation-emission maps often convey information on the extent 
of sample aging and degradation. 
 
Fig. 1: EE spectra of neat poppy-seed oil (A) and poppy-seed oil mixed with lead white (B). 
 
 
[1]  A. Nevin, D. Anglos, S. Cather and A. Burnstock,  Applied Physics A 92, 2008, 69-76. 
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Combined THz and LIPS analysis of corroded 
archaeological bronzes 
I. Cacciari*, J. Agresti and S. Siano 
Istituto di Fisica Applicata “Nello Carrara” – Consiglio Nazionale delle Ricerche 
Via Madonna del Piano 10, 50019, Sesto Fiorentino (FI), Italy, *i.cacciari@ifac.cnr.it 
In this work we have studied corroded archaeological artifact by combining THz imaging and 
laser induced plasma spectroscopy (LIPS) analysis. THz imaging has been proposed as a non-
destructive tool for achieving tomographic images of painted artifacts, which exploits the 
ability of THz waves to distinguish different dielectric layers of a given stratification. When a 
THz pulse is focused on its surface, the wave packet experiences a reflection at each interface 
depending on the corresponding refractive index, those producing a set of reflection peaks in 
the temporal domain (echo signals) from which depth profiling can be obtained by measuring 
the time of flight.  
In archaeometallurgy, of particular interest is the 
ability of THz to non destructively distinguish 
between metallic and mineralized layers and 
qualitatively between different corrosion products 
(cuprite, malachite etc..). In literature there are only 
few works devoted to the archaeometric 
application of the THz imaging technique, which 
do not include any data on copper corrosion 
products. In this work, a fiber-coupled THz time 
domain imaging system [1] has been used to 
provide qualitative and quantitative information 
on the about dielectric and metallic 
microvolumes in terms of refractive index and 
thickness homogeneity. A bronze figurine (Fig. 1 
(a,b)) from Florence’s Egyptian Museum has 
been imaged. The depth and refractive index of 
corrosion products have been extracted from THz time-domain waveforms (Fig. 1 (c)) and B-
scans (Fig. 1 (d)) identifies the cluster of corrosion products.
THz microtomographic imaging has been combined with LIPS elemental depth profile. 
However, being the latter a micro-destructive technique, it would be desirable to perform a 
limited number of measurements according to an effective preliminary selection of the 
measurement site, in order to achieve a representative elemental characterizations of the 
artifact. In particular, archaeometrical studies of copper alloy artifacts [2], which presented 
deep corrosion and mineralization phenomena, have highlighted the limitations of "blind" 
choice of the LIPS measurement sites. Thus for example, the thickness of the corrosion layer 
in some parts of the object can be so large to prevent LIPS from reaching the metal bulk. The 
knowledge in advance of the layer structure via THz imaging allowed a careful selection of 
LIPS measurement sites and provided a spatial depth characterization, which was integrated 
with LIPS depth elemental information. 
[1] I. Cacciari, S. Siano, IEEE Photonics Technologies 2014, 1-4, DOI: 10.1109/Fotonica.2014.6843857. 
[2] A. Agresti, I. Osticioli, M.C. Giudotti, G. Capriotti, N. Kardjilov, A. Scherillo, S. Siano, J. Anal. At. 
Spectrom., 2015, DOI: 10.1039/C4JA00447G.
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Temperature and relative humidity are ever-present factors; however they do not generally act 
as endangerments to cultural heritage. Both merely display a damage potential, including 
biological, mechanical, chemical or interactive processes [1], when their values exceed or fall 
below certain material-specific limits. Especially organic materials undergo physical changes 
due to their hygroscopicity and the steady water vapor exchange with the surrounding air that 
manifest themselves in mechanical contraction and expansion of the material. These 
mechanisms mostly result in three-dimensional volume changes which can cause diverse 
damage patterns to cultural assets. The actual damage though depends on the material´s 
condition, its ability for elastic and plastic behavior and its degree of constraint. 
The basic relationships between changing climates and materials´ behavior are known, 
however methods which on one hand allow a precise, continuous and long-term analysis of
objects and on the other hand are suitable for the on-site application in exhibition spaces and 
storage rooms have only recently been developed, resp. adapted [2]. Laser triangulation and 
time-lapse photography represent two such research methods. The first enables the acquisition 
of an object’s entire volume or dimensional change and the second the analyses of a specific 
part in detail. The measurement technologies continuously yield data on the materials’ 
reaction to changing climate conditions and enable the prediction of their damage potential. 
The procedure’s key element is the development of an evaluation system to standardly 
examine the obtained data and allow comparative considerations between different materials 
as well as different conditions. 
Particularly with regard to the ongoing discussion about the standards for the preservation of 
art and cultural heritage, it this necessary to fundamentally understand climate-induced 
material changes [3]. Today the existing guidelines are applied in a narrow and strict way and 
are quite cost as well as energy intensive. New approaches need to take into consideration the 
collections’ individual circumstances and their specific requirements, which makes a
differentiated, customized and on-site research essential.  
[1] American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.., 2011, p. 23.3f.  
[2] e.g.: L. Bratasz, R. Kozlowski, Laser Sensors for Continuous In-Situ Monitoring of the Dimensional 
Response of Wooden Objects, in: Studies in Conservation 50 (4) 2005, p. 307-315.
[3] e.g.: International Institute for Conservation of Historic and Artistic Works (Hg.), The Plus / Minus 
Dilemma. A Way Forward in Environmental Guidelines, Discussions on the Conservation of Cultural Heritage 
in a Changing World, Milwaukee Wisconsin, 2010.
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Provenance studies of stones used in archaeological contexts and ancient buildings are 
traditionally based on the comparison of bulk-chemical or microchemical composition with 
reference data of materials of known origin. Here, a novel approach is proposed using 
quantitative textural analysis, performed by micro X-ray fluorescence (µ-XRF). This method 
overcomes many drawbacks of classic 2-D imaging, carried out with X-ray maps from other 
techniques, such as scanning electron microscope (SEM) and electron microprobe, or digital 
images from optical microscope, scanner or SEM [1]. Indeed, benchtop µ-XRF is a cheap and 
little time-consuming technique, which can quickly map cm-sized surfaces, also on 
mineralogically complex samples, and indirectly provide modal composition too [2, 3].  
µ-XRF imaging was here applied to trachytes collected from the main historical quarry 
localities in the Euganean Hills (NE Italy): Monselice, Monte Merlo and Monte Oliveto [4].
Euganean trachyte is a volcanic rock historically used in northern and central Italy, especially 
since the Roman period, in numerous artifacts, monuments and infrastructures. It has been 
exploited since the 7th century BC in tens of quarries, in which trachytic rocks are visually and 
compositionally very similar. For these reasons, the attribution of the stone used in 
archaeological or historical objects to a precise quarry reveals a complex issue. 
The trachyte samples were mapped with an EDAX Eagle III XPL instrument over a ~5x4 cm 
area, using a resolution of 100 µm, and the acquired elemental maps were processed through 
image analysis, providing the measures of several descriptors of size and shape (e.g. Feret 
diameter, area, perimeter, circularity etc.) referred to phenocrysts of the different mineral 
phases. In such a way, textural parameters such as phenocrysts:groundmass ratio and crystal-
size distribution were calculated, together with modal composition. Based on these 
characteristics, the samples are well discriminated according to their locality of extraction.
These results support the possibility of effectively applying this method for provenance 
studies. Therefore, for archaeometric purposes, since other trachyte quarries of the Euganean 
Hills were historically exploited, in order to create a reference database and give a needed 
alternative approach to the traditional methods for provenance determination [5, 6], the work 
will be extended to all the Euganean district. Finally, even for petrological studies, coupled µ-
XRF and SEM elemental mappings – on phenocrysts and groundmass respectively – are 
recommended for a complete textural and chemico-mineralogical characterization of all types 
of volcanic porphyritic rocks. 
[1] M.D. Higgins, American Mineralogist 85, 2000, 1105–1116. 
[2] R.J. Moscati, B.D. Marshall, AGU Fall Meeting, 2005, abs. V43B-1579.
[3] G. Vaggelli, R. Cossio, Analyst 137, 2012, 662–667. 
[4] C. Previato et al., Arqueología de la Construcción IV, 2014, 149–166. 
[5] S. Capedri et al., Journal of Cultural Heritage 1, 2000, 341–364. 
[6] L. Maritan et al., European Journal of Mineralogy 25, 2013, 415–427.
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Experience with SurveNIR for a mass survey of books 
produced after 1801
Mgr. Jitka Neoralová, PhDr. Jan Novotný, Ing. Lucie Palánková,
Ing. Magda Součková, Ing. Petra Vávrová PhD.
National Library of the Czech Republic - Collections Preservation.  
Klementinum 19, 110 00 Prague 1, Czech Republic 
The SurveNIR device was acquired by the National Library of the Czech Republic at the end 
of 2013 for the ongoing project NAKI DF13P01OVV004: “Survey, conservation and care about 
libraries collections after year 1800 - materials and technologies”. The device was used for the 
detailed survey of a selected collection of books produced after 1801 (modern collection). The 
device uses the chemometric method for condition evaluation and for the identification of 
bookbinding materials (paper and plastic) [2] [3]. This non-destructive method is based on Near 
InfraRed (NIR) spectroscopy [1]. It compares measured spectra with the spectra of known 
samples from software library (paper and plastic). Selected material properties are assigned to 
these known spectra samples. Material properties are displayed when there is accordance 
between the two spectra samples (known and unknown).
The information obtained by SurveNIR (such as paper type, mechanical properties, paper 
acidity, type of plastic etc.) can be used for further protection of modern library collections. 
This collection includes items made of unstable materials such as ground wood paper or 
synthetically produced materials (PVC, PUR etc.). These materials undergo 
particular processes and consequences of degradation which present a threat to the largest 
portions of library collections. The most vulnerable group of items is chosen on the basis of 
results that are processed statistically by a SurveNIR software derivate. Selected items are given 
preferential conservation, restoration or deacidification treatment.
The method of material identification (paper, plastic) by SurveNIR is used when choosing 
further appropriate methods of conservation and restoration.
[1] D. Lichtblau, M. Strlič, T. Trafela, J. Kolar, M. Anders. Determination of mechanical properties of historical 
paper based on NIR spectroscopy and chemometrics- a new instrument. Applied Physics A 92, Materials Science 
and processing, 2008, page 191 - 195. 
[2] J. Novotný, K. Boldan, M. Součková. Průzkum identických inkunábulí dlouhodobě uložených v odlišných 
podmínkách prostředí. Knihovna [online]. 2014, page 5-22. 
[3] M. Součková, K. Boldan, J. Novotný. Průzkum identických inkunábulí měřicím systémem SurveNIR. In: 
Fórum pro konzervátory-restaurátory, 2013, page 67–71.
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Although several blue dyes have been used to prepare colorants and textile products, woad 
and indigo belong to the oldest and most appreciated dyestuffs for high quality textiles. Woad 
was the only product available in Europe for obtaining blue since antiquity until the 
introduction of indigo in the 16th century AD. Both were produced from plants: woad was 
obtained from Isatis tinctoria L. and indigo from Indigofera tinctoria L. or other Indigofera
species. In both cases, the main colouring matter is indigotin, present in the plants in the form 
of their precursors isatan B (in woad) or indican (in indigo). At the late 18th and 19th 
centuries a semi-synthetic indigo carmine was used for cheaper textile products, but synthetic 
indigo was already commercially manufactured by the late 1890s. 
Due to their chemical similarity, the use of both indigoid dyestuffs is practically 
undistinguishable. However, the opportunity of classifying textiles according the employ of 
woad or indigo would be very useful for dating historical objects before or after the 16th 
century. Moreover the use of non-invasive analytical techniques offer the possibility to 
broaden the study of heritage objects. 
In order to improve the classification of historical textiles and the possible distinction of the 
products used as blue dyes, a group of twenty ecclesiastic garments was studied, belonging to 
the parish of San Pablo (Zaragoza, Spain) (fig. 1a). In these rich embroideries (fig. 1b), thirty-
five blue threads were analysed by Reflectance Spectrophotometry. The reflectance spectra 
were measured in several points of every blue and their colour parameters calculated. 
The classification of the textiles by their optical features and the possibility to differentiate 
them will be discussed. Moreover, several reference blue dyes were analysed by the same 
method and the results will be compared. These indigoid dyes were also analysed by other 
analytical techniques, that could be used in the case of micro-sampling, like Voltammetry of 
solid microparticles and Laser Desorption/Ionization-Mass Spectrometry (LDI-MS). 
  
      Figure 1. a) "La Iglesia de San Pablo en Zaragoza", 19th c., engraving. b) Embroidery of a garment, 18th c. 
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Ana Manhita(1), Ana Cardoso(1), Silvânia Afonso(1), Cristina Dias(1,2),
António Candeias(1,2), Milene Gil(1)
(1) Laboratório HERCULES, Universidade de Évora, Largo Marquês de Marialva 8, 7000-809, Évora, Portugal 
 (2) Departamento de Química, Escola de Ciências e Tecnologia, and Laboratório HERCULES, Universidade 
de Évora, Largo Marquês de Marialva 8, 7000-809 Évora, Portugal. 
The Convent of Christ is one of the most emblematic monuments of the town of Tomar that 
received the classification of World Heritage by UNESCO. The oldest building of the 
Convent is the Charola, dated from the 12th century. The Charola is a polygonal structure, 
with eight sides on the inside that turn into sixteen sides on the outside. The iconographic 
enrichment of the Charola, which was transformed into the high altar of the church, includes 
sculpture, oil paintings on wood and leather, stucco work and mural paintings. 
Natural organic dyestuffs obtained from various plant and insect sources can be used as 
artists’ pigments if they are co-precipitated with a relatively inert inorganic substrate. Until 
the 19th century, lakes were prepared in this way, and the reaction would take place in a dye 
bath solution. Lake pigments were then applied in a suitable binding media [1].  
This work aims to study the red lakes and binders in the mural paintings from the Charola of 
the Convent of Christ. A set of red lake pigments (madder, cochineal and brazilwood) was 
also prepared in laboratory following historical recipes [2] and was used for comparison with 
the lakes found in the historical samples. Fourier transform infrared microscopy and 
spectroscopy (P-FTIR) was used for evaluation of pigments and binding media. For the 
identification of dyestuffs, liquid chromatography coupled with mass spectrometry (LC/MS) 
was used, and for the identification of binders, pyrolysis coupled to gas chromatography and 
mass spectrometry (Py-GC/MS) was selected.  
Acknowledgments: The authors wish to acknowledge Fundação para a Ciência e Tecnologia 
for financial support through Post-Doc grant SFRH/BPD/63552/2009 and Project PRIMART 
(TDC/CPC-EAT/4769/2012), funded by FCT/MEC and co-funded by Fundo Europeu de 
Desenvolvimento Regional (FEDER) through program COMPETE. 
[1] J. Kirby, M. Spring, C. Higgit, National Gallery Technical Bulletin 26, 2005, 71. 
[2] M.P. Merrifield, Original Treatises dating from XIIth to XVIIIth Centuries on the Arts of Painting, London, 
1849.  
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Willem de Ridder(2), Anna Slaczka(2), William Southworth(2), Gwen Tauber(2),
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(1) Department of Earth Sciences, Vrije Universiteit Amsterdam, The Netherlands 
 (2) Rijksmuseum, Amsterdam, The Netherlands
In order to understand the full cultural significance of an archaeological or art object a 
comprehensive “material archive” is often required. This archive should include information 
about the raw materials that make up the object, their sources and relevant trading histories of 
the continually changing macro-political situation of the region; the technological context of 
object’s manufacture with respect to the on-going exchange of techniques and methods and 
their correlation with stylistic or iconographic aspects of the art object. Large scale migration 
of artists in Early Modern Europe caused stylistic and technical similarities in art production, 
but the materials they used were often purchased locally, although not necessarily of local 
origin. Chemical fingerprinting has the potential to provide much of the “material archive”
provided that the different raw materials can be resolved and there is a good understanding of 
the relevant trading histories. A major impediment to resolving the provenance of raw 
materials in many objects is the mixing of components. Many art objects are manufactured 
from multiple raw materials, generally derived from distinct sources. Moreover, even when 
pure metals are used (e.g. Pb bullets), recycling of older metals results in a product of mixed 
provenance. Hence there is a strong need to resolve individual components among mixtures. 
This requires a detailed understanding of the historic framework of the production, trade and 
use of raw materials in both space and time. In order to address these key questions a large 
team of researchers (museum conservators, art historians, geochemists) are collaborating to 
establish the trade in a variety of raw materials so that a suite of reference samples can be 
used to provide key background information of how compositions of traded raw materials 
have changed over time in Europe. This research has been coupled with the development of 
miniaturised chromatographic techniques linked to new collector technology (1013 Ohm 
resistors) that have allowed us to successfully set up techniques to analyse Sr, Pb and Nd 
isotope ratios in samples as small as 2 ng, 1 ng and 30 pg, respectively. The use of coupled 
trace element and multiple isotopic techniques provides greater resolution of the provenance 
of multiple components for art objects made of a mixture of raw materials.
A series of examples will be presented to critically assess the capabilities of multiple isotope 
techniques (Sr-Nd-Pb) in provenance and/or authenticity studies of archaeological finds and 
art objects from the Rijksmuseum, particularly in the context of in situ sampling with a 
macroscopically non-destructive laser ablation system: i) European reference materials, such 
as metal ingots, to quantify the provenance capabilities of the multi-isotope technique; ii) pre-
and post-colonial artefacts in the Caribbean to establish how trading practices evolved 
following the arrival of Columbus; iii) 15th to 17th century oil paintings to establish 
provenance and dating of the work within an artist’s oeuvre, and whether certain regions of 
paintings have been significantly over-painted at a later date; iv) bronze sculptures to 
establish if the entire object was made in one foundry and also the analysis of surface layers 
to establish where artefacts were stored or buried
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The Christ of the Expiration (Museum brotherhood, Seville, Spain) is a wooden paste image, 
masterpiece of the imagery due to their mannerist-style and their technology based on wooden 
paste. This image was restored in the Andalusian Historical Heritage Institute (IAPH) and 
during its diagnosis several non-destructive techniques were used to assess the conservation 
degree.
Portable equipment from CNRS that combined X-ray diffraction (XRD) and X-ray 
fluorescence (XRF) was employed to analyze chemical composition on painting surface and 
obtain the mineralogical characterization; this equipment allows obtaining simultaneously 
XRF and XRD at the same point and without sampling.  
Otherwise, laser induced fluorescence (LIF), using the LidARt from ENEA, was employed to 
assess the presence of different fluorescent compounds on the surface. This technique allows 
assess the presence of some restoration and repainting products which are excited by the laser 
in fluorescence mode. 
The LIF studies show the use of a product of a similar nature in the loincloth and torso of 
Christ, while the X-ray techniques allow identifying on the surface cerusite, hydrocerusite and 
barite at different layers. The presence of ZnO has been detected as a consequence of recent 
restoration.
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XRD-FRX portable, LIF, Diagnosis, Wooden Paste Sculpture 
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The vault of the Kings, in front of Lion´s Court in Alhambra (Granada) is a painted scene 
carried out on leather that shows different Lords on their seats. This artwork is a masterpiece 
for the substrate (leather) and for the presence of human representation in 14th century in 
Muslim buildings. 
We have assessed the color palette of paints without sampling, thanks to the prototype used 
that allows simultaneously X-ray Diffraction (XRD) and X-ray fluorescence (XRF) 
measurements. The combination of these X-rays techniques allows performing the elemental 
chemical and mineralogical characterization of the studied areas. 
The studied areas correspond to a variety of color range, curvature of the dome and device 
dimensions, making it necessary to perform the analyses on the flattest parts and most 
accessible vault of kings. 
The results show that reds are formed by cinnabar and hematite, the flesh colour is a mixture 
of cinnabar and hydrocerussite, while malachite was used on green. Blues are formed by 
lazurite and ochre by clays. Also, this technique has detected the presence of red lead in the 
red-ocher and oranges, while gold is present in the gold, along with titanium and iron. 
Moreover, strontium is associated with the plaster preparation and a compound with As and S 
has been observed on the greens. 
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
In recent years, there is a growing need for portable analytical instruments in the 
nondestructive and onsite scientific analyses of arts and heritages. We have developed several 
portable X-ray analytical instruments (X-ray fluorescence spectrometer: XRF [1] and X-ray 
powder diffractometer [2]) for this purpose. In this study, a versatile portable spectrometer for 
both ultraviolet (UV)-visible (vis) absorption and fluorescence spectroscopy was newly 
developed for nondestructive analysis of arts and heritages. We verified the performance of 
the spectrometer in the investigation of various heritages (pigment, glass etc.), and applied it 
for characterization of glass works produced by Émile Gallé, one of the most famous French 
“Art Nouveau” artists.  
The spectrometer ()LJ ) was jointly developed by Tokyo Instruments, Inc. and us. The 
spectrometer equips a concave grating spectrometer, BLACK-Comet-SR (StellarNet, Inc.) as 
a detector suitable for analysis of UV-vis range 
(200-1080 nm). Switching of the light sources 
enables it to observe both UV-vis absorption 
spectrum and fluorescence spectrum of the sample. 
For the UV-vis absorption spectroscopy, a balanced 
deuterium-tungsten-halogen light source DH-2000-
BAL (Ocean Optics Inc.) is connected as a light 
source. Both transmission and refraction 
measurements are available. The spectrometer head 
for the fluorescence spectroscopy consists three 
monochromatic LED light sources, UV (~365 nm), 
green (~520 nm) and red (~632 nm), and two guide 
lasers to adjust a focus.  
As a preliminary examination of the spectrometer for the analysis of arts and heritages 
samples, we measured several modern pigments. UV-vis absorption and fluorescence spectra 
measured were in agreement with the literature data. As an actual application of the 
spectrometer for the heritage samples, we brought the spectrometer and a portable XRF 
spectrometer [1] to Kitazawa Museum of Art at Suwa in Japan to analyze glass works 
produced by Émile Gallé. The purpose of the analysis is to characterize coloring techniques 
used in his glass works in a nondestructive manner. We could successfully detect trace 
amounts of the colorants such as Co and U, which are almost below the detection limits of the 
XRF analysis, in his glass works using the spectrometer. 
[1] I. Nakai, S. Yamada, Y. Terada, Y. Shindo, T. Utaka: X-Ray Spectrometry (1), 2005, 46–51. 
[2] I. Nakai and Y. Abe: Applied Physics A (2), 2014, 279–293.
%/$&.&RPHW65
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)LJ A portable UV-vis/fluorescence 
spectrometer developed by us.
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Alexander Calder (1898-1976) redefined sculpture by making movement one of its main 
components [1]. He is best known as the originator of the mobile, a type of sculpture made 
with balanced or suspended parts that move in response to motor power or air currents. Many 
of Calder’s mobiles and other indoor painted sculptures were acquired by private collectors as 
well as museums. Collectors often viewed these works as decorative objects and were known 
to repaint them. Museums also executed repainting schemes of the original color if paint loss 
occurred. Repainting of the sculptures was often carried out more than once during Calder’s 
lifetime, with the artist’s knowledge and, in some cases, even by the artist himself. 
Documenting these repaintings and their effect on the appearance and preservation of these 
artworks is a crucial process that requires extensive research and careful interpretation. 
In this study, conceived as part of a joint program between the Solomon R. Guggenheim 
Museum and the Metropolitan Museum of Art, a selection of Calder’s indoor painted 
sculptures were examined by means of non-invasive and micro-invasive techniques, including 
XRF, FTIR, Raman spectroscopy and pyrolysis-GCMS. Special attention was devoted to 
material identification and analysis of the paint stratigraphy. Research to date supports the 
conclusion that Calder’s original application of paint is still present in some cases and 
documentary evidence suggests that Ronan Japan Colors were used in the artworks [2]. This 
work represents the first extensive study of Calder’s indoor painted sculptures, which sheds 
light on the artist’s practice and may be critical to inform conservation treatments. 
)LJXUH On the left, Alexander Calder, Red Lily Pads, 1956, Solomon R. Guggenheim Museum, New York; 
2015 Calder Foundation, New York/Artists Rights Society (ARS), New York, photo: David Heald. On the right, 
Alexander Calder, Four Directions, 1956, Metropolitan Museum of Art, New York; Muriel Kallis Steinberg 
Newman Collection, Gift of Muriel Kallis Newman, 2006; 2011 Artists Rights Society (ARS), New York. 
[1] Calder Foundation website, http://www.calder.org/ 
[2] Alexander Calder, personal correspondence.
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We demonstrate a sub-micron analytical technique, AFM-sampling-L2MS, designed with the 
goal of unambiguously identifying organic components in cultural heritage objects. This new 
approach uses an atomic force microscope (AFM) to image, sample, and collect material by 
proximal probe thermal desorption at submicron resolution, well below the optical diffraction 
limit. The sampled material is transferred to a specialized substrate and then analyzed in a 
separate step by a combination of high resolution laser spectroscopy and mass spectrometry 
(L2MS). This powerful combination provides detailed information in three dimensions: spatial 
mapping, high resolution spectroscopy and mass spectrometry.
This method is applicable to the cross section samples typically used in conservation science 
research, with the spatial resolution necessary to isolate small quantities of organic material in 
discrete layers of a cross section, and the sensitivity to provide molecularly specific 
identification of materials present in very low concentrations.  
This method retains the bulk of the sample, which may be retained and/or used for analysis by 
other complementary techniques. By separating the microscopy and the chemical analysis 
steps it becomes possible to apply other analytical techniques at the submicron scale. We 
employ L2MS as the second step, which combines multiphoton ionization and double 
resonance spectroscopy with mass spectrometry. This approach collects simultaneously both 
vibronically resolved optical spectra and fragment-free mass spectra for molecules of interest. 
The high resolution wavelength selectivity in our ionization step (a) allows for detection of a 
specific analyte in a mixture, eliminating the need for sample preparation, (b) provides the 
necessary high sensitivity, and (c) provides unique selectivity in the identification of the 
compound.
The data from the AFM-L2MS system will enable identification of specific organic red 
colorants (the first set of target molecules under study) used in works of cultural heritage
significance without the need for complex extraction from the matrices in which the colorants 
are found. In addition, this technique will provide the ability to study the fundamental
spectroscopy of these materials with unprecedented spatial and spectral resolution. 
Representation of AFM thermal desorption 
process. The resulting plume is drawn into a 
capillary and transfered to a specialized substrate 
for anaysis by L2MS.
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The archaeological site of Tula is located 50 Km Northwest from Mexico City, in the mexican 
state of Hidalgo. Considered one of the great urban centers of the central Highlands of 
Mesoamerica, this site was founded by the pre-Hispanic culture known as Tolteca  around the 
year 750 ce. Tula is a monumental complex arranged in terraces and platforms, where the 
stone architecture is decorated with anthropomorphic and zoomorphic carvings. Some stone 
reliefs found at the site are sometimes covered with lime mortars and mineral pigments.  
The deterioration of the reliefs is determined by four aspects: The own nature of the materials, 
the highly polluted environment due to cement factories and oil refineries; the architectural 
structure problems, and the impact of archaeological and conservation treatments performed 
in the last 20 years. 
Some of these interventions include the extensive use of cement, mainly in structure 
consolidating treatments, and the use of synthetic resins directly applied to the stone reliefs. 
These treatments have had some deterioration effects that include loss of pigments and stone, 
besides the salt efflorescences produced by the large amount of cement and pollutants. For 
this reasons, field research was carried out in order to understand the whole deterioration 
process and promote effective conservation actions.  
In this work the stone was characterized through petrographic analysis and XRD.  The 
surfaces were studied in situ with a portable XRF spectrometer for environmental particle 
deposition identification. Salt identification was made through semi quantitative test strips for 
the anion and complemented with XRF and XRD analysis. Samples from the polychrome 
areas were taken in order to identify the surface material through FTIR-ATR spectroscopy 
using a reference materials database of conservation materials employed in Mexico. 
The results have shown that different synthetic polymers have been applied on the surface of 
the reliefs, as binders in recent mortars and also as presumably waterproof coats. Several 
crystalline phases with heavy elements were identified on the salt analysis, showing the effect 
of particle deposition from the surrounding factories and oil refineries. This material analysis 
is currently being used by conservators on site in order to make decisions according not only 
on the original material but also considering the materials of past treatments that are now part 
the relief’s composition.
Keywords: 
Degradation 
Stone reliefs 
Spectroscopic analysis  
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Elemental analysis is a process in which a sample is analysed for its composition. Often this is 
accomplished by destructive and damaging techniques. Clearly, such techniques are not 
desirable for valuable items (either scientific or monetary). A non-destructive, non damaging 
elemental analysis would be an extremely useful tool. Using negative muons, which emit a 
characteristic X-ray, could be such a tool. 
Negative muons are like heavy electrons 
and replace an electron in the outer shell of an 
atom then travel to near the nucleus through the 
modified energy states of the atom. Each 
transition on this path produces an x-ray which is 
characteristic of the atom, which absorbed the 
muon, hence allowing this spectrum to reflect the 
atomic species (see Figure 1). The sensitivity of 
this technique is such that even light atoms can 
be detected and further the technique is open to 
be used as a depth analysis tool, since by varying 
the energy of the incident muon beam it is 
possible to change the depth of implantation for 
the negative muon. A significant advantage of 
muonic X-rays over those of electronic X-rays is the higher energy (0.1-6MeV). These high 
energy muonic X-rays are emitted from the bulk of the samples without photon self-
absorption and can be simply detected by a semiconductor detector. In addition, this 
technique will barely activate the sample, unlike prompt gamma-ray analysis by neutron 
irradiation. Over the years there has been sporadic use of negative muons as an elemental 
analysis tool, and a wide-ranging number of materials have been investigated, including 
Japanese coins[1], spinal columns[2], pig fat[3], tissue analysis[4] and ancient Chinese 
mirrors[5].  
ISIS pulsed neutron and muon facility, UK is a primary high-flux source of pulsed 
muon beams. In this paper we will discuss the latest developments and the possible uses for 
the future. 
 
[1] K. Ninomiya et al. J. Phys: Conf. Series 225, 012040 (2010)
[2] Y. Hosoi et al, Br. J. Radiol 68 1325 (1995)
[3] R. Hutson et al Radiology, 120, 193 (1976). 
[4] J.J. Reidy et al. IEEE Transactions on Nuclear Science, NS-22, 1781 (1975)
[5] M. K. Kubo et al. J. Rad. And Nucl. Chem. 278, 777 (2008)  
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P-
P-
nucleus X-ray
 
Figure 1: A schematic diagram which shows the 
P- capture and X-ray emission process. 
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New and artificially aged vegetable-tanned leather were studied by NMR MOUSE and micro 
Differential Scanning Calorimetry (DSC). In addition, the shrinkage temperature Ts was 
determined by means of a new automated method based on combined thermal spectroscopy 
and image analysis techniques. The aim was to obtain a deeper understanding on the changes 
occurring within the leather during accelerated ageing and how the water structure imposed 
by the collagen-tannin matrix correlates with collagen denaturation and gelatinisation. 
New leather from calf/sheep hides were obtained by traditional methods using extracts from 
mimosa bark, quebracho and chestnut wood. One series of samples was exposed to controlled 
70 °C and 30% relative humidity inside a test chamber for 8, 16, 32 and 64 days, whereas a 
second series was simultaneously exposed to 4000 lx illuminance in the visible light region.  
Longitudinal relaxation time T1 measurements were carried out with a portable Magritek 
NMR instrument (model PM 25, 13 Mhz frequency) using a saturation recovery sequence 
combined with CPGM pulse sequence. Microsamples of 2-4 mg were used for the micro DSC 
analysis performed with a SETARAM micro DSC III. Few corium collagen fibres only were 
used for evaluating the Ts with the imageMHT instrument developed at INCDTP-ICPI.  
We showed that T1 depends on both the tannin type and animal species indicating that both 
the fibre morphology and tannin capability to bind to collagen influence the water – collagen 
matrix bonding [1]. In addition T1 values obtained for new vegetable tanned leather were 
lower than the T1 value reported earlier for new parchment [2] suggesting a tannin-dependent 
lowering of the water-bonding ability of collagen matrix within leather.  The outcome of this 
study is that collagen progressive structural destabilization, denaturation and gelatinization 
evaluated from the variation of the calorimetric parameters and shrinkage temperature [3] is 
also reflected by the T1 variation which reveals the presence of different water environment in 
relation to the integrity of collagen molecules and their conversion into gelatin. The results 
highlight the complementarity of the information obtained from the two techniques used and 
demonstrate the great potential of the NMR MOUSE technique in the cultural heritage field. 
C. Şendrea gratefully acknowledges the Sectoral Operational Programme Human Resources 
Development 2007-2013, POSDRU/159/1.5/S/132395. 
[1] C. Sendrea, E. Badea, L. Miu, M. Ignat, H. Iovu. In: Proceedings Book of the 5th International Conference on 
Advanced Materials and Systems, Certex Publishing House, Bucharest, 2014, p. 555. 
[2] E. Badea, L. Miu, P. Budrugeac, M. Giurginca, A. Mašić, G. Della Gatta, J. Therm. Anal. Cal. 91, 2008, 17. 
[3] E. Badea, G. Della Gatta, T. Usacheva, Polym. Degrad. Stab. 97, 2012, 346. 
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Noninvasive investigation of mineralised artefacts and 
evaluation of novel conservation treatments using OCT
Lucia Noor Melita(1), Laura Filloy Nadal(2), Jonathan C. Knowles(1, 3), and 
Laurent Bozec(1)
 (1) UCL Eastman Dental Institute, University College London, 256 Gray's Inn Road, London, WC1X 8LD, UK 
(2) MNA – INAH, Instituto Nacional de Antropología e Historia, Ciudad de México, D.F., Mexico 
(3) Dankook University, Cheonan 330-714, Republic of Korea 
Optical Coherence Tomography (OCT) is a non-contact imaging method originally developed 
for biomedical applications, able to perform relatively high resolution imaging and sub-
surface analysis in a non-invasive and non-destructive mode. Over the last decade OCT has 
also demonstrated the potential to become a day-to-day tool in the field Cultural Heritage 
conservation, responding to the increasing demand from conservators of methodologies able 
to perform in situ investigation of artefacts in their own display or storage environment, 
taking into account their historical value and fragility [1].
The current research examines the use of OCT for the evaluation of the state of preservation 
of surface and sub-surface structure of mineralised artefacts such as collagen-based materials 
(e.g. bones, ivory and teeth) and archaeological shells. A Michelson Diagnostics Vivosight 
OCT scanner equipped with a near infrared laser (λ = 1305 nm, rate of scan of 10 kHz) was 
used. Cross-sectional stacks of 2D images were taken investigating an area of 6 x 2 x 2 mm 
with an axial resolution of ~ 4 μm and a lateral resolution of ~ 4.35 μm. The acquisitions 
allowed the detection of several micro-fractures and delamination processes, subsequently 
considered for consolidation purposes. Proposed as an alternative to traditional methods, new 
compatible treatments based on nanomaterials were synthesised and applied. OCT was used 
to monitor the application and effectiveness of the consolidation treatments, detecting the 
presence of the nanoparticles (NPs) in the artefacts and the penetration depth (Figure 1).
The overall outcome of this study is to demonstrate that OCT could be considered as a better 
alternative to invasive approaches for a routine cross-sectional investigation of complex 
artefact, as well as a complementary technique to monitor conservation procedures. 
Figure 1: OCT cross sections of a micro-fracture before (a) and after (b) treatment with NPs and the corresponding profiles. 
[1] P. Targowski, M. Iwanicka, Appl Phys A 106(2), 2012, 265-77.
TECHNART 2015 POSTER SESSION 2
P2-54
3LJPHQWVFKDUDFWHUL]DWLRQLQ5XVVLDQLFRQVLQ*UHHFH
WKWK &(XVLQJSRUWDEOHODVHUVSHFWURVFRSLFLQVWUXPHQWV
Z. E. Papliaka(1), P. Siozos(1), A. Philippidis(1), K. Melessanaki(1), J. Boycheva(2),
O. Gratziou(2),(3), E. Perdikari(4), M. Filippousi(4), I. Tsivgouli(4), D.Anglos(1),(5)
(1) Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas (IESL-FORTH), 
P.O. Box 1385, 711 10 Heraklion, Crete, Greece
(2) Institute for Mediterranean Studies, Foundation for Research and Technology- Hellas (IMS-FORTH),
P.O. Box 119, 74100 Rethymnon, Crete, Greece
(3) Departmen of History and Archaeology, University of Crete, 74100 Rethymnon, Crete, Greece
(4) Department of Conservation, Byzantine and Christian Museum, 22 Vas. Sofias St., 10675, Athens, Greece
(5) Department of Chemistry, University of Crete, P.O. Box 2208, 710 03 Heraklion, Crete, Greece
A detailed analytical study is presented based on the combined use of mobile instrumentation, 
for the in-situ characterization of pigments in Russian icons from the nucleus collection of the 
Byzantine and Christian Museum in Athens (Greece). Aim of this study is the identification 
of pigments in those high artistic quality paintings so as to aid historians to understand the 
technical background of the icons and conservators to apply the most appropriate 
conservation treatments. All analyses were performed in the conservation laboratory of the 
museum, directly on the objects (in situ) thus eliminating sampling and transportation of the 
icons. The methodology employs the use of (a) laser-induced breakdown spectroscopy (LIBS) 
and (b) Raman microspectroscopy, based on mobile instrumentation, providing
simultaneously elemental and molecular information with high spatial and spectral resolution. 
An illustrative example is the study of the icon “Theotokos with scroll from Deisis”, 18th CE
(Fig.1), in which 16 points were studied by Raman and LIBS, providing an integrated 
overview of the pigments palette. For instance, three different red pigments were identified. 
By use of LIBS, lead (Pb) was detected at the outer frame of the icon (Fig.1a) while iron (Fe) 
was found at the red mantle of Virgin Mary (Fig.1c), implying the use of red lead (Pb3O4) and 
hematite (Fe2O3) respectively. Mercury sulfide (HgS) has been identified via Raman analysis 
both on the script and on the inner frame of the icon (Fig.1b), while the presence of litharge 
(PbO) was revealed both at the script and the green background of the Gospel. Silver (Ag) has 
been found at the background of the icon and Ag, Au and Cu on the halo indicating possibly 
the use of a gold foil. 
Figure 1  Spectra collected from various red painted areas on the icon. a) LIBS spectrum from 
outer frame; b) Raman spectrum from inner frame and script; c) LIBS spectrum from the 
mantle area. 
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The problem of preservation of museum collections, in particular, of metal 
subjects in the course of storage and exhibition activity is often solved by means of 
drawing up the catalogued description based on fixing and transfer of external pa-
rameters of subjects that can be easily forged. Introduction to the catalogued de-
scription of data on a chemical composition of metal is not always "rescues a situa-
tion" since interested persons have already rather wide experience of fakes of ar-
chaeological (antiquarian) metal. In our opinion, possibilities of XRF and new en-
gineering decisions embodied in new types of the equipment (for example, the 
XRF-spectrometer of M4 Tornado, Bruker) allow to use it for the solution of this 
problem.  
For example, mapping of a surface of subjects allows to obtain data which 
can be used as special registration "markers", the ID passport of object (the identi-
fication passport) that allows to carry out quickly and reliably authentication of an 
object of art, proceeding from its unique chemical physical properties.  
We executed scanning of a surface of a mirror of an era of the early Iron 
Age from Khakassia. Distribution of elements on the area showed that the mirror 
contains some zones, lunch or enriched with a certain element – copper, zinc or 
lead. Carrying out the phase analysis of a mirror was the second stage of research-
es. Automatic search of phases showed that the site of research possesses two 
zones with various structure the border between which lies quite accurately. These 
data allow to create reliable markers for urgent authentication in case of movement 
of an object of art and history, an archaeological subject. 
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Using instrumental methods in authentication ecclesial 
heritage (XRF, OM, SEM- EDX, FT-IR) 
Nicoleta Vornicu and Cristina Bibire 
Metropolitan Center of Research T.A.B.O.R,  The Metropolitanate of Moldavia and Bukovina 
Address:  9 Closca, Iasi, 700066, Romania
Fax: +40/0232/214011, e-mail: cmctaboriasi@yahoo.com
Knowledge of nature of the materials used in the realization the art objects brings us 
important clues in dating  of works of art. 
Work of art is integrated in a cultural framework, it has,  face of the original context of 
developing, an identity function. 
The investigating complex systems provide fast and accurate information on 
processing technologies. Authentication is performed on the basis of analytical data. 
The paper presents results of research on the use of non-invasive methods and 
semidestructive (XRF, OM, signals EDX, FT-IR) in analysis the nature of materials 
(pigments, binders, corrosion products, metals) in the case of the iconostasis Aron Kodesh   
from the Great Synagogue, Iasi and 2 engolpions from the metal belonging of the collection   
the Metropolitan Cathedral in Iasi. The identification of pigments was used for determination 
the  historical period and for the recognition of the specific artistic techniques. Identifying of 
the metal nature   and a precious stones, brand identification and craftsman workshop has 
brought  important information to know the object. The cumulative results were able to 
establish the full references concerning authenticity and the dating  the  objects  analyzed.   
[1]  N.Vornicu, C.Bibire, Metode de investigare stiintifica a  operelor de arta, Editura Trinitas, 2004, 326 
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A. Philippidis(1), Z.E. Papliaka(1) and D. Anglos(1,2)
(1) Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas (IESL-FORTH), 
P.O. Box 1385, GR-711 10 Heraklion, Crete, Greece 
(2) Department of Chemistry, University of Crete, P.O. Box 2208, GR 71003 Heraklion, Crete, Greece 
Surface-Enhanced Raman Spectroscopy (SERS), is a powerful spectroscopic technique in the 
field of organic and biological materials analysis. SERS has found application in 
identification of organic pigments and dyes in works of art [1]. Fluorescence spectroscopy, in 
addition, has been used in the field of conservation of art works for the characterization of 
pigments and proteinaceous binding media [2].  
A compact mobile Raman spectrometer is employed for collecting SERS spectra from natural 
aminoacids (L-Trp, L-Tyr, L-Cys) and protein films (e.g. egg white). The investigation and 
constant search of the appropriate substrate (Ag and/or Au nanoparticles) and methodology 
for performing SERS measurements is crucial for further application in analysis of organic 
and bio-organic archaeological residue materials. In this work we extend the first attempt of 
adapting a mobile Raman instrument to the SERS analysis of simple organic molecules as 
aminoacids and oligo- peptides [3].
The 2D-fluorescence spectroscopy (excitation-emission) technique was used in a 
complementary manner in the investigation of samples that are mixtures of different 
molecules, as proteins, revealing the presence of different fluorophores in the sample. Dry 
film of egg proteins were investigated following environmental and artificial ageing. The 
different content of specific aminoacids may also determine processes that lead to protein 
degradation against ageing. The differentiation achieved by recording 2D-fluorescence maps 
is quite useful for understanding the chemical process that may have taken place in historical 
samples of binding media. 
)LJSpectra collected from egg white: a) SERS, b) EE map for fresh and c) artificially aged films. 
[1] K. Chen, M. Leona, T.V-Dinh, Sensor Review, 27, 2007, 109-120. 
[2] A. Nevin, S. Cather, D. Anglos, C. Fotakis, Analytica Chimica Acta 573–574, 2006, 341–346. 
[3] A. Brambilla, A. Philippidis, A. Nevin, D. Comelli, G. Valentini, D. Anglos, J. Molec. Structure, 1044, 2013,
121-127. 
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Stefano Ridolfi(1), Maja Gajic Kvascev (2), Velibor Andric (2), Daniela Korolija 
Crkvenjakov (3)
(1) Ars Mensurae, Via Vincenco Comparini, 101 00188, Rome, Italy 
(2) University of Belgrade, Vinþa Institute of Nuclear Sciences, Mike Petroviüa
Alasa 12-14, Belgrade, Serbia. 
(3) Galerija Matice srpske, Novi Sad, Serbia 
Within the framework of the Scientific and Technological Cooperation Agreement between the 
Government of the Republic of Italy and Government of the Republic of Serbia, the Directorate 
General for Country Promotion (Economy, Culture and Science) – Unit for Scientific and 
Technological Cooperation of the Italian Ministry of Foreign Affairs and the Ministry of Education, 
Science and Technological Development of the Republic of Serbia decided to grant a bilateral 
research project about Technologies Applied to Cultural Heritage titled "Development and 
implementation of two novel portable instruments for the analyses of Cultural Heritage: portable 
scanner XRF and portable XRD" to promote networking between Italian and Serbian research 
teams, strengthen the foundation of scientific and technological research, overcoming the barriers in 
exchanging information. The co-financing was approved for the years 2014-2015.
The project is on the go. Each of the participants is working on the design of an innovative 
instrument with the help of the counterpart. Italian team is building a portable XRF scanner while 
the Serbian team is building a portable XRD.  
Great emphasis is given to the art experts (art historian and restorers) that appear in the project as
end users of the novel instruments. Their participation to the project is intended to be confirmation 
of the usefulness of the work done. The novel instruments are being tested on a group of Serbian 
icons that will participate to a show in Perugia at the National Gallery. At the end of the project a 
monograph publication will show to the scientific community this peculiar project.  
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KLVWRULFDOUHGODNH SLJPHQWV
Sara Bellei(1,2), Daniela Comelli(2), Anna Cesaratto(3), Ilaria Bargigia(4), Cosimo 
D’Andrea(2,4), and Austin Nevin(1)
(1) IFN-CNR, Piazza Leonardo da Vinci, 32, Milano, Italy  
(2) Politecnico di Milano, Physics Department, Piazza Leonardo da Vinci, 32, Milano, Italy 
(3) Department of Scientific Research, The Metropolitan Museum of Art, 1000 Fifth Avenue, New York, USA 
(4) Italian Institute  for Nano-Science and Technology (IIT), via G. Pascoli 70/3, 20133 Milano, Italy
The decay-kinetic photo-luminescence (PL) properties of historical red lakes, provided by the 
Lefranc&Bourgeois Archive in Le Mans (France) and dated form 1890 to 1921, were studied. 
The complexity of their chemical composition, depending on both the dye used and the dying 
process, is one of the obstacles for their characterization. Analytical procedures, based on 
Surface Enhanced Raman Scattering (SERS) spectroscopy or on separation techniques, such 
as High Performance Liquid Chromatography with Diode Array Detector (HPLC-DAD) and 
High Performance Liquid Chromatography with Mass Spectrometric Detector (HPLC-MS),
provide outstanding results in the identification and characterization of the dyeing 
materials[1,2]. Nevertheless, these established techniques do not allow the characterization of 
the dye-mordant complex as a whole, which is destroyed during sample preparation,
preventing one to achieve information on the inorganic substrate used for creating the dye-
metal ion complex. UV- or visible- induced PL spectroscopy is often used for detecting the 
presence of very low traces of lake pigments, thanks to its high-sensitivity, even though PL 
broad emission spectra of lakes are not suitable for their precise identification[3]. On the other 
hand, the study of decay kinetics of the PL emission, which is influenced by both the dye 
molecule and the ion mordant, can provide valuable information for studying the chemical 
interaction between the dye and the mordant in a non-destructive way. For the purpose, 
spectral- and lifetime- resolved PL is proposed for the studying commercial and historical 
lake pigments. Research is aimed at explaining the effect of the mordant ion on the emission
lifetime of the dye-metal system, a parameter highly sensitive to the micro-environment of a 
molecule, hence giving valuable information for distinguishing individual components of lake
pigments, and understanding possible degradation products. Two different PL spectroscopy 
devices for resolving decay kinetics from ps to ms are employed: a portable nanosecond time-
gated spectrometer with luminescence excitation provided by a Q-switching Nd:YAG laser 
and a more complex laboratory set-up, based on a fs tunable laser source and a fast streak 
camera detector. Future aims will focus on the integration of PL spectroscopy with 
complementary analytical techniques and on the establishment of a standardize protocol for 
the study of this material, both as a pigment and in works of art.
[1] I. Degano , E. Ribechini , F. Modugno & M. P. Colombini, Analytical Methods for the Characterization of 
Organic Dyes in Artworks and in Historical Textiles, Applied Spectroscopy Reviews, 44:5, 363-410 (2009) 
[2] F. Casadio, M. Leona, J. R. Lombardi, and R. Van DuyneǡAccounts of Chemical Research 43, 6, 782-791
(2010)
[3] C. Clementi, B. Doherty, P.L. Gentili, C. Miliani, A. Romani, B.G. Brunetti, A. Sgamellotti, Vibrational and 
electronic properties of painting lakes, Appl. Phys. A-Mater. Sci. Process. 92 (2008) 25–33.
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(1) Institute of Electronic Structure and Laser, Foundation for Research and Technology Hellas (IESL-FORTH), 
GR 71110, Heraklion, Crete, Greece
 (2) BioArCh, Department of Archaeology, University of York, Biology S. Block, York, YO10 5DD, UK
(3) Department of Archaeology, University of York, the King’s Manor, York YO1 7EP, UK
(4) Department of Physics, University of Crete, GR 71003, Heraklion, Crete, Greece
(5) Department of Chemistry, University of Crete, GR 71003, Heraklion, Crete, Greece
The chemical composition of incremental growth lines in marine mollusk shells [1]  is 
important in sclerochronology research, as it contains information on seasonal changes 
reflecting subsistence and habitation strategies or accumulation processes in ancient times. In 
many cases, the elemental and isotopic composition of the shells is modified along their
growth lines as a function of the water temperature variations from summer to winter. Thus,
the season of death for shells can be defined by the composition of the youngest growth line
as well as the quantity of shells consumed at different times of the year.
The most precise method that is currently used in the examination of shell growth lines is the 
analysis of the isotopic elemental composition of powdered shell material via mass 
spectrometry. Such a task requires many samples in order to get representative and 
statistically valid results. However, mass spectrometry studies are generally not suitable for 
analysis of large quantities of shells, since they are extremely time consuming and expensive,
therefore the experimental results are based on too few samples and are hard to interpret. In 
addition, sampling of the shell powder is performed using micro-milling techniques, thus 
increasing the risk of contamination, at specific locations, which cannot always be perfectly 
verified.
In this work we demonstrate that Laser Induced Breakdown Spectroscopy (LIBS) can be 
successfully employed as a rapid, efficient, high-resolution tool in sclerochronology. The 
samples studied are Conomurex fasciatus shells, which are composed of aragonitic carbonate. 
Spectral analysis of the samples from different growth lines in the shells reveals that Mg/Ca 
intensity ratio in the plasma, which is proportional to the Mg/Ca concentration ratio in the 
shell, varies considerably and is directly related to the water temperature change [2, 3]. It 
should be noted that a relatively moderate precision of the intensity ratios (~20-30% rsd) is 
calculated, probably attributed to the inhomogeneity of the shells structure and surface 
roughness. However, a general trend towards lower values in Mg/Ca intensity ratio from 
younger to older growth increments of the shells is observed, corresponding to changes in
temperature over a 2-3 month period from winter up to their time of death. This confirms a 
positive correlation between the Mg/Ca intensity ratio and temperature during calcification.
[1] C. F. T. Andrus, Quaternary Science Reviews, 30 (21), 2011, 2892.
[2] F. J. Fortes, I. Vadillo, H. Stoll, M. Jiménez-Sánchez, A. Moreno, J. J. Laserna, Journal of Analytical Atomic 
Spectrometry, 27 (5), 2012, 868.
[3] A. Marín-Roldán, J.A Cruz, J. Martín-Chivelet, M. J. Turrero, A. I. Ortega, J. O. Cáceres, Journal of Applied 
and Laser Spectroscopy, 1 (1), 2014, 7.
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XRF and LIBS study of surface enrichment in Frankish silver coins 
V. Kantarelou1*, P. Siozos2, R.E. Jones3, A. G. Karydas1,4, , D. Anglos2,5
1Institute of Nuclear Physics, NCSR “Demokritos”, Aghia Paraskevi Attikis, 153 10, Greece
2Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas,
 711 10 Heraklion, Crete, Greece
3Department of Archaeology, University of Glasgow, Glasgow G12 8QQ, UK
4International Atomic Energy Agency (IAEA), Nuclear Science and Instrumentation Laboratory, 
IAEA Laboratories, Seibersdorf, Austria
5Department of Chemistry, University of Crete, 710 03 Heraklion, Crete, Greece
*corresponding author, kantarelou@inp.demokritos.gr
Portable XRF (X-ray fluorescence) and LIBS (laser-induced breakdown spectroscopy) 
spectrometers have been used for a compositional, non-destructive analysis of Frankish 
silver coins (13th-14th c. CE) from different mints, excavated at Ancient Corinth, Greece.
The aim of this study was to investigate to what extent the elemental composition of 
Frankish coins, as determined synergistically by XRF and LIBS, can discriminate coins 
as per their provenance and possibly denote the Frankish mint where they were 
produced. The concentration of silver (Ag) as determined by the XRF and LIBS 
analyses was found to be similar in most cases, however, concentration values appear to 
be more than 10% higher compared to those obtained by use of destructive analyses of 
the bulk metal. This finding is most likely attributed to the Ag enrichment phenomenon, 
known to occur in ancient silver alloys, producing an enriched surface layer, several 
tens of micrometers in thickness [1]. 
The present work is a follow-up study concentrating on the Ag surface enrichment 
phenomenon on Frankish coins. More specifically, it aims to examine how provenance 
studies based on the silver coins trace element content may be affected and 
misinterpreted by the presence of the enriched layer. For this purpose, eight silver 
Frankish coins (diameter ~ 1.5 cm, thickness ~ 1 mm) were purchased on behalf of the 
Ashmolean Museum, UK, and were cut in half. Complementary XRF analyses were 
carried out using (a) a handheld Niton XL3t 900 SHE GOLDD Alloy Analyzer, (b) a 
milli-probe in-house developed portable spectrometer and (c) a custom made Artax 
scanning micro-XRF spectrometer [2]. LIBS measurements were performed with a 
portable unit (LMNT-II) [3] that is based on a compact Nd:YAG laser delivering 10 ns 
pulses at 1064 nm with energy at 10 mJ/pulse and acquiring spectra from 200 to 660 nm 
with spectral resolution of about 0.2-0.3 nm using a dual fibre optic spectrograph.
Measurements were performed at both faces of each coin and also at their cross section 
with 100 μm spatial resolution. This analytical procedure offered the possibility to 
compare directly results obtained from the surface and the bulk of the Frankish silver 
coins.  In addition, scanning micro-analyses at the coins cross section were conducted in 
order to investigate the gradient of elemental profiles from the bulk towards the surface. 
The results of the XRF and LIBS measurements are presented and discussed. The 
applicability of surface analyses is critically assessed with respect to their capacity to 
offer reliable quantitative results which in turn can shed light on the Frankish mints.  
References
[1] L. Beck, et.al., Nuclear Instruments and Methods B, 2008, 266, 2320-2324.
[2] V. Kantarelou et.al., Spectrochemica Acta Part B, 66, pp. 681-690,2011. 
[3] P. Westlake et.al., Analytical Bioanalytical Chemistry 402: 1413-32, 2012 
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Integration of microscopic (LM, ESEM) and multi-
analytical techniques (EDX, FTIR, GC/MS) to study the 
polychrome stone sculpture of the Renaissance age from 
Southern Italy 
A. Calia(1), M. Lettieri(1), M. Masieri(1), D. Melica(1), G. Quarta(1), F. Vona(2), 
G.E. De Benedetto(3) 
(1) CNR - IBAM (Istituto per i Beni Archeologici e Monumentali), Campus Universitario, via Monteroni 73100 
Lecce (Italia) 
(2) Soprintendenza speciale per il Patrimonio Storico, Artistico ed Etnoantropologico e per il Polo Museale 
della città di Napoli e della Reggia di Caserta 
(3) Università del Salento, Dipartimento di Beni Culturali, via Birago, 64 - 73100 Lecce (Italia) 
 
The artistic production of Stefano da Putignano, a sculptor lived in Puglia (Southern Italy) 
between 1470 and 1540, is one of the most valuable example of the Renaissance polychrome 
sculpture in Southern Italy. Within the framework of a collaboration with the Puglia 
Superintendency for the Hystorical-Artistic Heritage, the study of some statues of the artist, 
representing S. Sebastiano and S. Pietro (Mother Church of Putignano – Bari) and S. Michele 
Arcangelo (in the homonymous Sanctuary of Noci - Bari), was undertaken. It was aimed to 
characterize the materials used in the polychrome decoration and to assess the painting 
technique, as well as to identify unoriginal layers. The micro-morphological characterisation 
of the pigments and the paint stratigraphy were assessed using light microscopy (LM) and 
environmental scanning electron microscopy (ESEM). Micro samples of paint were analysed 
with a multi-analytical approach. X-ray microanalysis (EDX) coupled with ESEM and 
Fourier transform infrared spectroscopy (FT-IR) were used to investigate the inorganic 
components. Gas chromatography/mass spectrometry (GC/MS) was used to identify the 
binding media and other organic materials. 
The acquired data revealed that a painting using linseed oil as binder has been applied. The 
colour palette was based on the use of pigments such as white lead, orpiment, red ochre, 
minium and indigo. They were applied over a preparation layer made of gypsum and animal 
glue. Some decorations involved the application of gold leaf. These findings support further 
knowledge on the use of the polychromy as finishing of the sculpted stone, which is a debated 
aspect in the field of the art history. The results also highlighted the presence of painted layers 
added over the time, thus supporting knowledge for the restoration activity. 
 
Key words:  
stone painted sculpture 
pigments 
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Hybrid inorganic-organic coatings based on PMMA for the 
protection of sandstones 
Silvia Alinovi(1), Andrea Lorenzi(1), Ilaria Alfieri(1), Federica Bondioli(2),  
Giovanni Predieri(1), Laura Bergamonti(1), Danilo Bersani(3), Pier Paolo Lottici(3)
(1) Chemistry Department, University of Parma, Parco Area delle Scienze 17/A, 43124 Parma (Italy) 
(2) Industrial Engineering Department, University of Parma, Parco Area delle Scienze 181/A, 43124 Parma (Italy) 
(3) Physics and Earth Sciences Department, University of Parma, Parco Area delle Scienze 7/A, 43124 Parma (Italy) 
In this work, inorganic-organic hybrid systems made of polymethylmethacrylate (PMMA) additioned 
by an inorganic filler based on SiO2 and ZrO2 [1-2], have been synthesized and characterized. These 
systems have been tested as coatings for the protection of sandstones of interest for cultural heritage. 
PMMA was dissolved in a mixture of two accurately chosen solvents, MEK (methyl ethyl ketone) and 
Augeo SL 191 (2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane), then tetraethylorthosilicate (TEOS) and 
zirconyl chloride (ZrOCl2·8H2O) were added in different ratios as inorganic precursors. 
The materials obtained by the sol-gel process were characterized by XRD, FTIR-ATR, μ-Raman 
spectroscopy. The coating were tested on two sandstone species from Tuscany (Italy): Pietra Serena 
(litarenite Arcosica) from Firenzuola and Pietra Dorata from Manciano. Their mineralogical 
composition was checked also through μ-Raman spectroscopy.  
Water absorption by total immersion and by capillarity, contact angle and color parameters of surfaces 
were determined according to the Normal [3], before and after the application of the synthesized 
coatings. 
The results on the water absorption and on the contact angle indicate, for both treated sandstones, an 
improvement of the water repellency. The total color difference introduced by the coatings is 
acceptable (ΔE< 5), without evident modifications of the aesthetic appearance. 


[1] S. Gross, D. Camozzo, V. Di Noto, L. Armelao, E. Tondello, PMMA: A key macromolecular component for dielectric 
low-k hybrid inorganic-organic polymer films, European Polymer Journal 43 (2007) 673-696  
[2] H. Wang, P. Xu, W Zhong, L. Shen, Q. Du, Transparent poly(methyl methacrylate)/silica/zirconia nanocomposites with 
excellent thermal stabilities, Polymer Degradation and Stability 87 (2005) 319-327  
[3] UNI 10921:2001; Normal 7/81; UNI EN 15801:2010; UNI 11207:2007; UNI EN 15886:2010. 
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Raman identification of lead chromate pigments 
Federica Bellini(1), Danilo Bersani(1), Howell G.M. Edwards(2), Jan Jehlicka(3),             
Peter Vandenabeele(4), Pier Paolo Lottici(1*)
(1) Physics and Earth Sciences Department, University of Parma, Parco Area delle Scienze 7/A, 43124 Parma (Italy) 
*pierpaolo.lottici@unipr.it
(2)Chemical
 and Forensic Sciences, School of Life Sciences, University of Bradford, Bradford, West Yorkshire BD7 1DP, UK (3) Institute of Geochemistry, Mineralogy and Mineral Resources, Charles Univ., Albertov 6, 128 43 - Prague 
 (4) Department of Archaeology, University of Gent, Sint-Pietersnieuwstraat
 
33-35, 9000 Gent – Belgium 
The pigments of chrome yellow family (PbCrO4, PbCr1-xSxO4, PbCrO4·xPbO) are of current interest for 
the understanding of their degradation mechanisms, requiring appropriate restoration treatments. Within 
the lead chromates, the most important compounds are chrome yellow PbCrO4 / PbCr1-xSxO4, and chrome 
orange PbCrO4·xPbO. In 19th century, these synthetic pigments were very popular thanks to their high 
covering power and brightness and became the color-symbol of the Impressionism. Now these lead based 
pigments are no longer used, regarded as harmful to health. The existing literature lacks of a complete 
characterization of these pigments. Their identification is often difficult, because of the absence of a clear 
methodology through spectroscopic techniques. The corresponding rare mineral species, crocoite 
PbCrO4 for chrome yellow and phoenicochroite PbCrO4·PbO for chrome orange, are in some cases 
identified as intentionally added pigments in works of art dating back to periods well before the 
introduction of the synthetic pigments. Moreover, in some cases, orange colors in works of arts have 
been assigned to even more exotic mineral species as hemihedrite ZnPb10(CrO4)6(SiO4)2F2, simply 
because of the presence of a chromate group, which gives a Raman spectrum “similar” to other (lead) 
chromates.  
In this work, we will give some definite hints for the identification of lead chromates (pigments and 
minerals) through their Raman vibrational spectrum. Mineralogical samples and synthetic pigments were 
investigated by X-ray diffractometry and μ-Raman-spectroscopy.  Accurate Raman spectra of crocoite, 
phoenicochroite and hemihedrite crystals were taken including the low-wavenumber region, usually not 
reported in literature, and in controlled polarization configuration. The Raman spectra have characteristic 
features that allow a definite identification of the minerals species. This should avoid incorrect 
identification of exotic species: hemihedrite for chrome orange or phoenicochroite in pigments were 
found recently on an oil painting and in a painting decorating a wooden ceiling [1-2]. Synthetic lead 
chromate pigments of different hues, produced by different manufacturers, were investigated in order to 
identify their composition. “Chrome yellow” is generally found as lead chromate/sulphate PbCr1-xSxO4: 
the X-Ray diffraction peaks are shifted and the Raman bands are broader with respect to the bands in 
pure crocoite. “Chrome orange” pigment is normally the synthetic equivalent of phoenicochroite, with 
composition PbCrO4·xPbO, while “chrome red” pigment is a mixture of lead 
chromate/molybdate/sulphate Pb(Cr1-x-yMoySx)O4 and lead chromate/sulphate. 
[1]  H. G. M. Edwards, P. Vandenabeele, J. Jehlicka, T. J. Benoy,  An analytical Raman spectroscopic study of an important 
english oil painting of the 18th Century, Spectrochim Acta A, 118 (2014) 598-602. 
[2] M. Abdel-Ghani, M. Mahmoud, Spectroscopic investigation on paint layers of Sabil-Kuttab Umm' Abbas ceiling, 
Mohammed Ali Era in Cairo, Egypt: identification of unusual pigment and medium, Egyptian Journal of Archeological and 
Restoration Studies (EJARS), 3 (2013) 95-105. 
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Characterization of archaeological wood stained with bat’s 
excretions using various analytical techniques 
Safa Abdelkader Mohamed Hamed(1), and Mourad Fawzy Mohamed(2)
(1) Associate professor, Conservation Department, Faculty of Archaeology, Cairo University. 
 (2) Assistant lecturer, Conservation Department, Faculty of Archaeology, Cairo University. 
This study was conducted to diagnose and evaluate the deterioration of archaeological wood 
due to bat excretions. The samples were taken from the ceiling of Mohamed Ali palace (1812) 
located in Suez, Egypt. The wooden samples were covered with preparation layer (gesso) on 
one side. Parts from both sides of wooden samples which suffer from accumulation of bats 
excretions have been examined.  
The effects of bat excretions on anatomical structure and chemical composition of wooden 
samples were examined and evaluated using various analytical methods such as scanning 
electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and X-ray 
diffraction XRD. Also, microbiological study was undertaken to identify the microbial 
activity on the wood surface. The results showed that wood suffered from changes in 
anatomical structure in addition to scratches found on the wood surface due to bats claws. 
Changes in the molecular bonds in both lignin and cellulose of wood were noted. Added to, 
polymerization degree of cellulose has been decreased. 
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Investigating the excavated coloured rocks (‘ochres’) from 
Nawarla Gabarmang, an c. 48,000 year old Aboriginal site in
northern Australia
Géraldine Castets1, Émilie Chalmin1, Bruno David2, Jean-Jacques Delannoy1, Jean-
Michel Geneste3, Anne-Lise Develle1, Fayçal Soufi1, Pauline Martinetto4, Sébastien 
Pairis4, Sophie Cersoy4, Valérie Magnin5, Robert G. Gunn6, Bryce Barker7 and 
Margaret Katherine 
1. Univ.Grenoble Alpes, Laboratoire EDYTEM, F-73376 Le Bourget-du-Lac, France
CNRS, Laboratoire EDYTEM, F-73376 Le Bourget-du-Lac, France
2. Monash Indigenous Centre, Monash University, Victoria 3800, Australia
3. Centre National de la Préhistoire, ministère de la culture, et de la communication, Univ. Bordeaux, CNRS,
PACEA, UMR 5199, F-33400 Talence, France
4. Univ. Grenoble Alpes, Inst NEEL, F-38042 Grenoble, France
CNRS, Inst NEEL, F-38042 Grenoble, France
5. ISTerre, UMR 5275, BP53, F-38041 Grenoble, France
6. 329 Mt Dryden Rd, Lake Lonsdale Victoria 3380, Australia
7. School of Humanities and Communication, Public Memory Centre, University of Southern Queensland,
Toowoomba 4350, Queensland, Australia
 
“How old is it?” is a commonly asked question of western Arnhem Land’s world famous yet
poorly dated rock art. Here as elsewhere, a major challenge for rock art research is the 
accurate and reliable dating of what are essentially mineralogical pigments. In Australia,
Aboriginal rock art age determinations have traditionally been assisted by methods such as
the comments of elders’ who have either done the art themselves, or who know the 
individuals who did specific artworks (for recent art); patterns of superimpositions on rock
walls (for relative chronologies); or the sub-surface archaeological context of decorated sites
such as Nawarla Gabarnmang (in Jawoyn country) (for clues as to the possible or likely age of 
on-wall art). This latter, outstanding rock art and occupation rock shelter, radiocarbon-dated
from c. 48,000 cal BP to the early twentieth century C.E., contains some of the oldest known 
cultural deposits in Australia [1]. Here multiple layers of paintings cover a large part of the 
shelter’s ceiling and many of its rock pillars [2]. To better understand the antiquity of painting
activity within this site, we are studying the excavated buried earth pigments.  
Using a range of microscopic and spectroscopic approaches, the numerous coloured rocks
revealed by the excavations include some that are clearly natural, some that are clearly
cultural, and some that are of various degrees of uncertainty in-between. To investigate these
uncertain pigments, we have subjected them to macroscopic observations and microanalytical
techniques (e.g. SEM-EDX) coupled with structural techniques (e.g. Fourier Transform
Infrared, Raman micro-spectroscopy). A set of steps were followed to systematically reduce
the amount of preparation required for the application of non-invasive techniques (PIXE,
portable XRF, XRD in reflection mode and micro-XRD computed tomography). Following
such investigations, we can distinguish between non-cultural buried pigments (that have 
naturally formed within the site) and earth pigments (brought to the site by Aboriginal people 
in the past). A key aspect of these investigations requires understanding the geomorphological 
and chemical processes that cause the diagenesis of pigment on buried rocks.
[1] Allen, J. and J.F. O’Connell 2014. Both half right: Updating the evidence for dating first human arrivals in
Sahul. Australian Archaeology 79: 86-108.
[2] Gunn, R.G., B. David, J.-J. Delannoy, F. Petchey, J.-M. Geneste and M. Katherine. In press. The past 500
years of rock art at Nawarla Gabarnmang, central-western Arnhem Land. In B. David, P. Taçon, J.-J. Delannoy
and J.-M. Geneste (eds), The Archaeology of Rock Art in Western Arnhem Land. Terra Australia, ANU Press.
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;5)DQDO\VLVWRUHWUDFHDUFKDHRORJLFDOSRO\FKURPH
SRWWHU\WKHFDVHRI“Falcone” vaseSDOHWWH
M. F. Alberghina1, R. Barraco1, M. Brai1,2, A. M. Carrubba3, D. Fontana1, 
L. Tranchina2, A. Villa4
(1)Dipartimento di Fisica e Chimica, Università di Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy 
(2)Laboratorio di Fisica e Tecnologie Relative, UniNetLab - Sistema di Laboratori di Ateneo-Università di 
Palermo, Viale delle Scienze, Ed. 18, 90128 Palermo, Italy 
(3)TAF Trasmissione Al Futuro, Piazza O. Marucchi, 5 – 00162, Roma 
(4)Parco archeologico di Himera, Termini Imerese, (PA)  
Material identification is a primary goal for archaeological studies because it provides useful 
information about original composition, degradation process, realisation technique and 
conservative treatments. 
A polychrome vase [1], belonging to archaeological collection of the Archaeological Museum 
of Palermo, dating back to the Hellenistic period, has been analyzed by diagnostic non-
invasive techniques in order to have a complete characterization of pictorial material and 
deepen the knowledge on the use of colour in Hellenistic period [2-3]. In this work, the main 
results obtained with X-Ray Fluorescence analysis, carried out by using a portable 
spectrometer are discussed, showing important information on vase-painter palette through 
the pigment identification used in unfinished polychrome layer. 
Finally, the non invasive investigation was carried out to understand the original materials, 
the realisation technique and any conservation treatments.
[1] A.D. Trendall, A new polychrome vase from Centuripe, 1955, The Metropolitan Museum of Art Bulletin. 
[2] J. Riederer, A. Untersuchung der Pigmente von Centuripegefässen, Jahrb. Deut. Archäeol. Inst, 178-179.
[3] E.C. Portale, Un fenomeno strano e inatteso: riflessioni sulla ceramica di Centuripe, in Pittura ellenistica in 
Italia e in Sicilia, G. F. La Torre e M. Torelli (a cura di), Atti del convegno di Studi, Messina settembre 2009. 
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Maria Paola Staccioli(1), Serena Benacquista(1)
(1) Centro Ricerca LaRT, ICIET Engineering s.r.l., Castelli (TE), Italy  
The effects of the earthquake that struck Abruzzo in April 2009 have been particularly 
destructive. The earthquake caused significant damage to several structures of historic and 
artistic interest, among them the churches of Santa Maria ad Cryptas in Fossa (AQ) and San 
Giovanni Battista in Castelli (TE).
Restoration and consolidation of both structures have been assigned to the ICIET Engineering 
company. With regard to the church of S. Maria ad Cryptas, a medieval masterpiece, the 
lesions of the interior frescoes have required a massive intervention by the restorers, who 
have been assisted by the analysis carried out in the laboratory on samples already detached
because of the earthquake from several parts of the painting cycle. The identification of the 
nature of the pigments present on the samples to relocate was done through X-ray 
diffractometry (XRD), X-ray fluorescence (XRF) and electron microscopy (mode low 
vacuum) coupled to microanalysis (SEM -EDX). The compositional identification of the 
fragments analyzed allowed their proper relocation during the restoration.
After the earthquake, the church of San Giovanni Battista  was no longer accessible. Parts of 
the works of art in it were transferred to the ICIET restoration laboratory. The pottery crucifix 
of the sixteenth century, that adorned one of the chapels of the church, was restored to its 
original appearance through the removal of the rehashes occurred in the twentieth century. In 
order to characterize and identify the thickness of the different layers of the preparations 
superimposed, some samples of stratigraphic sections were analyzed by SEM-EDX.  
                      
Frescoes, church of Santa Maria ad Cryptas         Crucifix XVI sec., church of San Giovanni 
Battista 
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Improved beeswax analysis to determine its origin:
critical literature review and new methodological approach 
Elke Cwiertnia
The National Archives, Ruskin Ave, Richmond, Surrey, TW9 4DU
Reported analytical studies of waxes used in cultural heritage objects are limited to the study 
of wax types such as carnauba, Japan or bees-wax, and do not differentiate between types of 
beeswax produced by different bee species in different locations. Yet this distinction is 
crucial to situating materials in a wider geographic context, a critical element in informing 
historical questions relating to trade, communication and authenticity. 
The National Archives, UK ‘Wax Seals in Context’ project, currently underway, aims to 
elucidate hitherto unanswered questions concerning the study of medieval wax seals by 
investigating materiality, manufacture and use. In this way we can better understand the
making and therefore meaning of this important medium of medieval communication.  
The main component of wax seals in the period of investigation (1100-1377) is beeswax, 
often used in combination with coniferous resin and pigments. Beeswax is produced by 
honey bees (genus Apis) and consists of a mixture of paraffinic hydrocarbons, free fatty acids, 
esters of fatty acids and fatty alcohols, and diesters [1]. Gas chromatography mass spectro-
metry (GC-MS) allows identification and quantification of these. The main components in 
beeswax of all Apis species worldwide are mostly identical. However, their amount is 
influenced by the bee species [2], its food source and the location in the bee hive [3].  
At present no database to characterize and locate different beeswax types is available, 
although differences in the wax composition are established. Our aim therefore is to collect, 
analyse and characterize wax samples from relevant bee species worldwide.
Besides natural ageing [4], microbiological and chemical reactions [5] are factors which 
change the beeswax composition and therefore may affect the identification of markers and 
characteristic ratios in the analysis. The adulteration of beeswax [6] and mixtures with other 
materials such as resin can also influence the analytical performance and therefore improved 
sample preparation and overall, potentials and limitations of the method will be addressed.    
The poster presents the new approach of identifying beeswax from different bee species and 
locations and critically discusses a methodology based on existing literature in analytical and
apicultural sciences, as well as the history of beekeeping, wax production and trade.  
[1] P. M. Kuznesof (2005) Chemical and Technical Assessment 65th JECFA, Beeswax, pp. 1-7.
[2] R. Aichholz, E. Lorbeer (1999) Journal of Chromatography A, 855(2), pp. 601-615. 
[3] D. Namdar, R. Neumann, Y. Sladezki, N. Haddad, S. Weiner (2007) Apidologie 38(5), pp. 453-461. 
[4] M. Regert, S. Colinart, L. Degrand, O.Decavallas (2001) Archaeometry, 43(4), pp. 549-569.   
[5] M. Lund Petersen [ed.] (2002) Wax Seals. A Nordic Project, pp. 17, 29. 
[6] J. Serra Bonvehi, F. J. Orantes Bermejo (2011) Food Chemistry, 132(1), pp. 642-648.
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PUMA, a beamline for ancient materials studies 
Sebastian Schöder(1), Felisa Berenguer(2), Serge X. Cohen(2), Thierry Moreno(1),
François Polack(1), Matthieu Lecroard(3), Angelique Rouquie(1), Sébastien 
Ancelin(2), Aurélien Delmotte(1), Loïc Bertrand(1,2)
(1) Synchrotron SOLEIL, Saint-Aubin BP48, F-91192 Gif-sur-Yvette 
 (2) IPANEMA, CNRS, ministère de la Culture et de la Communication, Saint-Aubin BP48, F-91192 Gif-sur-
Yvette
(3) Concept 21, 2 B, Voie la Cardon, F-91120 Palaiseau 
Researchers in the cultural heritage field have become an important group of the synchrotron 
community. However, the limited amount of beamtime available at 3rd generation 
synchrotrons often limits the research done to “exceptional” or “highlight” samples and 
makes it difficult to investigate statistically meaningful numbers of objects and samples from 
collections (corpus analysis). To overcome these problems, and to provide tools specially 
adapted to the synchrotron communities of archaeology, conservation, paleo-environments 
and palaeontology, the project to construct PUMA (“Photons used for Ancient Materials”), a 
specially optimized beamline at the synchrotron SOLEIL, was created.
The construction of PUMA has been financed by the region Île-de-France and the French 
ministry of research and higher education and will be operated by SOLEIL and the 
IPANEMA CNRS unit. The beamline will be open to users from all scientific fields, but a 
large fraction of the beam time will be reserved to the cultural heritage science communities 
for which it has been designed. 
PUMA will be a high energy (4 to 60 keV) X-ray beamline that will provide both full-field 
phase-contrast tomography and scanning microbeam techniques to its users with micrometric 
resolution. The robust optical setup will allow a simple transition between the full-field and 
microbeam modes of the beamline. A double crystal monochromator with a Si 111 and a Si 
220 set of crystals will be used for energy selection. In addition, experiments will be able to 
make use of the white beam for faster data collection or adapted experiments. Microbeam 
focusing operation will be done by a SOLEIL-designed Kirkpatrick-Baez mirror system 
allowing resolution down to a few micrometers, therefore complementary to beamlines 
offering smaller or larger spot sizes at SOLEIL and other facillities. A set of two high-
intensity pinholes will allow users to isolate the coherent part of the radiation for phase-
contrast experiments. The setup will be optimized for X-ray imaging, absorption and 
fluorescence spectroscopy as well as diffraction and small-angle scattering experiments.
The beamline is currently in an advanced construction stage, and has seen its first light in 
November 2014. The commissioning will begin in mid-2015; the start of user operation is 
foreseen for 2016.
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A. G. Karydas(1,2), V. Kantarelou(2), M Axiotis(2), G. Mastrotheodoros (3,4),   
M. Salta(5) and B. Schmaltz(6) 
(1) Institute of Nuclear and Particle Physics, NCSR “Demokritos”, 153 10 Aghia Paraskevi, Athens, Greece
(2) International Atomic Energy Agency (IAEA), IAEA Laborarories, Nuclear Science and Instrumentation 
Laboratory, A-2444, Seibersdorf, Austria 
(3) Institute of Nanoscience and Nanotechnology, NCSR Demokritos  
(4)University of Ioannina, Department of Materials Science and Engineering, Ioannina, Greece 
(5) National Archaeological Museum of Athens, Athens 10682, Greece 
(6)Archäologisches Institut der Christian-Albrechts-Universität, Klassische Archalogie, Kiel, D-24098, Germany 
The archaic sculpture of Phrasikleia depicts a female funerary figure dated to 6th century BC.  It 
was discovered in the area of Attika (1972) buried in the ground along with a kouros and since 
then it is exhibited at the National Archaeological museum of Athens. Due to its general good 
state of preservation, Phrasikleia presents a remarkable polychromy that has attracted strong 
interest for reconstructing the original palette of pigments and elucidating the techniques of their 
application. During the period 2008-2009, Brinkmann et al. [1] analyzed 230 spots on the 
statue’s surface using UV-VIS absorption spectroscopy and handheld XRF analysis concluding 
that eleven different colourants were used and to certain extent in a pure form.  Moreover, the 
use of gold and lead based foils was also suggested as elements of the statue polychromy.  
Elemental distribution maps generated by means of scanning micro-XRF analyses can confirm or 
discard the localized association (~0.1mm x 0.1 mm) of different metallic elements, thus 
uncovering the hidden analytical information by millimeter beam size XRF analyzers. The 
scanning micro-XRF measurements were performed by a custom developed Artax spectrometer 
equipped with a polycapillary lens (focal distance ~21 mm, resolution ~70um@CuKα). Three 
stepping motors, coupled with the spectrometer head, allow its three-Cartesian movement for 
alignment purposes and elemental mapping studies of immovable artefacts surface.
The present study aimed in principle to verify the relationship that has been previously proposed 
[1] to exist between the black colored areas and the increased presence of lead in various 
ornamental elements of the statue decoration (rosettes, U-shaped ornaments along the garment’s 
hem, etc.). The results of the scanning micro-XRF analyses evidenced the presence of pigments 
that have not been previously reported, revealed the role of different pigments during 
application, whereas have shed more light to the puzzle of the black colored areas.  
5HIHUHQFHV
[1] V. Brinkmann, et al., Proceedings of the Johann David Passavant Colloquium, CIRCUMLITIO, The 
Polychromy of Antique and Medieval sculpture, 10-12 December 2008,  pp. 189-217, Ed. by V. Brinkmann, O. 
Primavesi and M. Hollein 
TECHNART 2015 POSTER SESSION 2
P2-72
*HPVWRQHVDQGJODVVEHDGVIURP1RQDQWROD$EEH\
0RGHQD,WDO\UHOLFVDGLDJQRVWLFLQYHVWLJDWLRQE\
5DPDQ6SHFWURVFRS\DQG+LJK5HVROXWLRQ
0LFURSKRWRJUDSK\
 
Sauro Gelichi(1), Alessandra Cianciosi(1), Davide Manzini(2), Davide Vallotto(3),
and Giulio Pojana(3)
(1) Department of Humanistic Studies, University Ca' Foscari of Venice (Italy), Dorsoduro 3484/d, 30123 
Venice (Italy) 
(2) MADATEC srl, v. Monte Grappa 18, 20060 Pessano con Bornago (Milan, Italy)
(3) Department of Philosophy and Cultural Heritage, University Ca' Foscari of Venice (Italy), Dorsoduro 
3484/d, 30123 Venice (Italy) 
The abbey of St. Sylvester in Nonantola (Modena, Italy), was founded in 752 AD and reached 
its greatest political and religious power during the 11th Century. Deep transformations of the 
whole monastic structure during the Romanesque and the Modern Age eventually covered the 
early Medieval monastery. Its archaeological remains were discovered between 2004 and 
2009 through wide excavation campaigns conducted by the Department of Humanistic 
Studies, University Ca' Foscari of Venice (Italy), which further extended since 2001 the 
investigation during the archaeological project “Nonantola”, committed to the study of this 
significant historical settlement and its surroundings [1].
The importance of this abbey is attested also by the presence of many relics: in fact since the 
first centuries after its foundation it became the final destination of pilgrimages.  
Ten years ago, during the last methodical census of the Abbatial Treasure carried out by the 
"Ufficio Beni Culturali Arcidiocesi di Modena-Nonantola", a group of small objects, 
connected to some relics related to unknown saints, were found out. Almost certainly they had 
been collected throughout the centuries, with no recorded memories since the beginning of 
20th century, when a formal survey of all relics was performed, and some notes about these 
items were taken for the first time.
Among them, exceptional and rare medieval textiles, a few wooden shrines, a large variety of 
small metal pieces, some gemstones and small glass beads were also recorded. Probably all 
these scattered objects were connected to some reliquaries or to some liturgical objects, 
collected in the Abbatial Treasure and pinched out from their original frames during the 
centuries. 
The outcomes of a detailed diagnostic investigation on the whole group (more than 50 items) 
of collected gemstones and glass beads are reported here for the first time. They have been 
systematically analyzed by means of non destructive techniques, such as Raman Spectroscopy 
and High-Resolution Microphotography, with the aim of get new detailed information about 
their structure and conservation status. The reported results can help to understand also, 
through further comparative analysis, when, how and why these items, which show a 
interconnected typology and historical context, were collected and from which objects of the 
Abbatial Treasure were pulled out. In fact nowadays, there are still a lot of similar objects 
exhibited in the "Museo Benedettino e Diocesano di Arte Sacra" of Nonantola never 
investigated before through this analytical approach.
[1] GELICHI, M. LIBRENTI (eds.), Nonantola 1. Ricerche archeologiche su una grande abbazia dell’altomedioevo 
italiano, Firenze, All'Insegna del Giglio, 2005, pp. 1-85.
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M. Paturzo(1), P. Memmolo(1,2), G. Arena(1), G. Fatigati(3), M. Grilli(3), and P. 
Ferraro(1)  
(1) CNR- Institute “E. Caianiello”, Via Campi Flegrei, 34, 80078, Pozzuoli, Italy 
 (2) Center for Advanced Biomaterials for Healthcare Largo Barsanti e Matteucci 53, 80125 Napoli, Italy 
(3) Università Suor Orsola Benincasa, Via Suor Orsola 10, 80135, Napoli, Italy. 
We reports on a method for recovering data from a simple portable Digital Speckle Pattern 
Interferometer (DSPI), intended for utilization outside of laboratory conditions, without anti-
vibration devices [1-3]. We used the system for monitoring the structural behavior of a 
painting on wood, hanging on a wall. In such a situation, fringes produced by the object 
displacements were affected by random distortions caused by environment noise. However, a 
satisfactory number of undistorted, or barely distorted fringe patterns, were found and utilized 
for processing [4]. We performed fast continuous acquisitions of consecutive interferograms, 
picking  usable  fringe patterns out of a large amount of recorded frames. From the selected 
frames, we were able to evaluate the painting whole structure deformations, caused by 
environmental thermo-hygrometric fluctuations. Measurement of the whole painting 
structural bends was achieved [5]. Local flaws and hidden detachments of pictorial layers 
from the support, which cannot be recognized by traditional art-restorer methods, were also 
revealed [6]. 
 
 
  
Sketch of the Optical set-up of the 
portable system 
Pictures of the painting 
front-side  
examples of images with the interference fringes 
extracted from a real time video with different noise 
conditions 
[1] Fotakis, C., Anglos, D., Zafiropulos, V., Georgiou, S., Tornari, V. [Lasers in the Preservation of 
Cultural Heritage - Principles and Applications], Taylor & Francis Group: New York, (2007). 
[2] Paoletti, D., Spagnolo, S.G., “Interferometric methods for artwork diagnostics,” Prog. Opt., XXXV, 
197-255 (1996). 
[3] E. Bernikola, A. Nevin, V. Tornari, “Rapid initial dimensional changes in wooden panel paintings due 
to simulated climate-induced alterations monitored by digital coherent out-of-plane interferometry,” 
Appl. Phys. A, 95, 387-399 (2009). 
[4] Kemao, Q., “Two-dimensional windowed Fourier transform for fringe pattern analysis: Principles, 
applications and implementations,” Opt. Las. Eng., 45, 2, 304-3172007). 
[5] Mecklenburg M. F. and Tumosa C. S., “Temperature and relative humidity effects on the mechanical 
and chemical stability of collections,”  ASHRAE Journ. 69-74, (1999). 
[6] Ambrosini, D. and Paoletti, D. “Holographic and speckle methods for the analysis of panel paintings. 
Developments since the early 1970s,”  Reviews in Conservation 5, 38-48 (2004)
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L. Carratoni(1), V. A. Di Santo Albertali(2), C. Poderosi(3),  R. Corrias(4)
(1) Dipartimento di Scienze della Terra, Università Sapienza, Piazzale A. Moro, 5 - 00185 Rome, Italy
(2) Dipartimento di Ingegneria Chimica, Materiali, Ambiente (DICMA), Università Sapienza, Via Eudossiana , 18 - 
00184 Rome, Italy  
(3)  Restauratore privato, Via E. Lampridio Cervo, 240 - 00143 Rome, Italy 
(4) Restauratore di ruolo del MiBAC, Direttore del Laboratorio di restauro opere scultoree, Galleria Nazionale di Arte 
Moderna (GNAM), Viale delle Belle Arti, 131, 00196 Rome, Italy 
The conservation of a contemporary art installation offers the unique chance to deal with modern 
materials and with methodology issues. A series of simple laboratory analysis have been useful 
tools to point out the nature of the alterations and the degree of damage of this metal-based 
installation (steel) and to prevent - through good maintenance practices -  further degradation of the 
artwork “32 metri quadri di mare circa”, part of the collections of the GNAM, Galleria Nazionale di 
Arte Moderna in Rome. This installation is composed of 30 steel trays, containing water coloured 
with methylene blue in different dilutions, whose purpose is to suggest the image of the sea. A 
careful microscopic observation of the surfaces and the subsequent micro-Raman analysis of the 
alteration products allowed to determine the state of conservation of the materials and to establish 
the corrosion mechanisms acting on them, in order to define the best procedures for the 
maintenance and the conservation of the artwork. 
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Nadia Marchettini(1) , Andrea Atrei(2), Francesca Benetti(1), Donatella Capitani(3), 
Valeria Di Tullio(3), Guido Perra(1), Federica Presciutti (4), Noemi Proietti(3)
(1) Dipartimento di Scienze Fisiche, della Terra e dell’Ambiente, Università di Siena, Pian dei Mantellini, 
44 - 53100 Siena, Italy 
(2) Diartech s.s, Via Sant’Angelo Merici 70, Rome, Italy 
 (3) Laboratorio di Risonanza Magnetica Anna Laura Segre, Istituto di Metodologie Chimiche, CNR, Area della 
Ricerca di Roma 1, Via Salaria km. 29,300, 00015 Monterotondo (Roma) 
(4) Dipartimento di Chimica, Università di Perugia,Via Elce di Sotto 8, 
06123 Perugia, Italy,  
The aim of this study was the characterization of  materials and the stratigraphy structure of a 
Sienese wooden painting, namely  “Adorazione dei Magi” by Bartolo di Fredi (13th) and four 
cusps “San Paolo, San Giovanni Evangelista, San Pietro, San Giovanni Battista”, belonging to 
a lost “Polyptych”, by Andrea di Bartolo (14th).  
A portable NMR instrument [1] was used in situ for obtaining  information about  the 
stratigraphy structure of the original painting and the 16th-century repainting parts present in 
the “Polyptych” before the cleaning and restoration of the opera. The results obtained by the 
non-invasive study allowed to plan  a representative microsampling. Successively few micro 
samples were investigated  using complementary  techniques such as HPLC. ToF-SIMS, 
FESEM , Infrared, and  Raman spectroscopy.  
In order to characterize binders in original and repainting layers, 1H, 13C and 31P NMR 
spectroscopy was applied.  
[1] D. Capitani, V. Di Tullio, N. Proietti, Prog. Nucl. Magn. Reson. Spectrosc. 64, 2012, 29-69. 
[2] N. Marchettini, A. Atrei, F. Benetti, N. Proietti, V. Di Tullio, M. Mascalchi, I. Osticioli, S. Siano, T.i Memmi 
Surface Engineering, 29, 2013, 153-158.
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Characterization of hybrid inorganic-organic polymers for 
Wood and Paper protection
Giovanni Predieri(1)*, Laura Bergamonti(1), Claudia Graiff(1), Clelia Isca(1),
Pier Paolo Lottici(2), Elisabetta Chiappini(3), Lara Maistrello(4), Sabrina Palanti(5)
(1) Chemistry Department, University of Parma, Parco Area delle Scienze 17/a, 43124 Parma, Italy 
(2) Physics and Earth Sciences Department, University of Parma, Parco Area delle Scienze 7/a, 43124 Parma, Italy  
(3) CPBC, Catholic University of Sacred Hearth, Via Emilia Parmense 84, 29122 Piacenza, Italy 
(4)Department of Life Science, University of Modena and Reggio Emilia, Via G. Amendola 2, 42122 Reggio E., Italy 
(5) CNR IVALSA, via Madonna del Piano 10, 50019 Sesto Fiorentino (FI), Italy
The ligno-cellulosic materials (wood and paper) are conveniently used for a variety of human artifacts 
in virtue of their advantageous characteristics. In particular, wood shows high tensile strength, high 
elastic modulus, low density and insulation properties. However, their organic constitution is subjected 
to combustion, to long-term oxygen light and water degradation and to biological deterioration caused 
by various microorganisms such as bacteria, fungi and insects [1] 
Here we present the characterization by ESI-MS, NMR, FTIR and μ-Raman spectroscopy of new 
polymers for the protection of artworks of interest for cultural heritage, in particular of lignocellulose 
materials. The polymers are polyamidoamines (PAA) functionalized with alcoholic or siloxanic groups 
(PAAOH or SiPAA) obtained from N,N-methylenebisacrylamide (MBA) by addition reaction with 
ethanolamine (EtA) or aminopropyltriethoxysilane (APTES), respectively. SiPAA (an hybrid 
inorganic-organic polymer) has been tested for wood, whereas PAAOH also for paper preservation [2]. 
   MBA   EtA   APTES 
The addition reactions (Michael-type reaction) have been followed by NMR and Raman spectroscopy, 
monitoring the decrease of the intensity of the C=C stretching mode of bisacrylamide. Interpenetration 
of ligno-cellulosic materials by polymers has been monitored by microscopic and spectroscopic 
techniques. The alkoxysilane groups of SiPAA gives hybrid organic-inorganic networking through 
hydrolysis and condensation reactions (the sol-gel process). 
Efficacy tests against fungi (Coniophora puteana, Trametes versicolor, Poria placenta), termites 
(Reticulitermes lucifugus, Kalotermes flavicollis) and coleoptera (Stegobium paniceum) on scots pine 
(Pinus sylvestris L.) sapwood samples were carried out on SiPAA, affording promising results. In 
particular, the SiPAA formulations gave good results in terms of efficacy against wood destroying 
termites and fungi; in the case of fungi, the inorganic network appears to make the substrate 
inhospitable and the increased pH due to the amine groups appears to hinders growth. 
Financial support from Renner Italia SpA (Minerbio, BO) is gratefully acknowledged. 
[1] R. M. Rowell (Ed.), “Handbook of Wood Chemistry and Wood Composites” (2013), CRC Press, Boca Raton, FL, USA. 
[2] L. Bergamonti, E. Chiappini, G. Predieri, S. Palanti, L. Maistrello, “Wood preservative composition” Int. Patent 
application WO 2015/004590 A1. 
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Alberta Silvestri(1), Fabrizio Nestola(1), and Luca Peruzzo(2) 
(1) Dipartimento di Geoscienze, Università di Padova, via G. Gradenigo 6, 35131 Padova (Italy) 
(2) CNR, Istituto di Geoscienze e Georisorse, Section of Padova, via G. Gradenigo 6, 35131 Padova (Italy) 
This study focuses on calcium phosphate identified into some late-Antique glass tesserae, 
green or blue in colour, from Padova (Italy) [1] and Tyana (Turkey) [2]. It is generally 
accepted that calcium phosphate is a primary opacifier, probably obtained by the intentional 
addition of bone powder to a transparent glass [3], but no specific crystallographic-chemical-
spectroscopic studies have been carried out on this opacifier until now. 
In tesserae from both sites, preliminary analyses, performed by scanning electron microscopy 
(SEM) and X-ray powder diffraction (XRPD), show that calcium phosphate grains, probably 
hydroxyapatite, have a reaction rim, enriched in sodium, which comes from the surrounding 
glass and replaces the calcium of the opacifier. The above replacement process between 
opacifier and glassy matrix is also confirmed by the presence of newly formed crystals 
composed of calcium silicate (wollastonite), found in the proximity of calcium phosphate 
grains [1].
Investigations on the calcium phosphate, on its reaction rim and on interactions with 
surrounding soda-lime-silica glass are carried out by means of electron backscattered 
diffraction (EBSD), electron microprobe (EMPA), micro-X-ray diffraction (μ-XRD), and 
micro-Raman spectroscopy in order to clarify the nature of these inclusions and to make 
inferences on the production technologies of such kind of glass tesserae.
Notwithstanding the geographical distance between Padova and Tyana, comparable results 
were found in all the tesserae from both sites, suggesting similar and highly standardised 
production technologies of late-Antique tesserae with such kind of opacifier.
[1] A. Silvestri, S. Tonietto, G. Molin, P. Guerriero, J. Archaeol. Sci., 39, 2012, 2177-2190.
[2] C.L. Serra, A. Silvestri, G. Molin, Late Antique/Early Byzantine Glass in the Eastern Mediterranean, 
Colloquia Anatolica Et Aegaea –Acta Congressus Communis Omnium Gentium Smyrnae II, Izmir, Turkey, 
2009, 175-183.  
[3] M. Verità, Medieval mosaics: light, color, materials, Silvana Editoriale, Milano, 2000, 47-64.
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A. Rousaki(1), (3)*, Dimitra Lazidou(2), T. Zorba(3), Theodora Fardi(4), Dimitrios 
Nikolis(5), Nikolaos Bonovas(6), Ioannis  Νazlis(7), Eleni Pavlidou(8), Dimitrios
Lampakis(9), Eleni Likartsi(3), Konstantinos M. Paraskevopoulos(3)
(1)Raman Spectroscopy Research Group, Department of Analytical Chemistry, University of Gent, 
Campus Sterre, Building S12, Krijgslaan 281, 9000 Gent, Belgium 
(2)Icon conservator, Head of conservation department, Museum of Byzantine Culture, 2 Stratou Avenue, GR-
54640,  Thessaloniki, Greece 
(3)FTIR and Thermal Analysis Laboratory, Solid State Physics Section, Physics Department, Aristotle 
University of Thessaloniki, GR-54214 Thessaloniki, Greece
(4)Thessaloniki Charitable Men Fellowship (5)Painting Conservator
(6)Archaeologist, Museum of Byzantine Culture, 2 Stratou Avenue, GR-54640, Thessaloniki, Greece 
(7)Chemist,  Archaeological Museum of Thessaloniki, 6 Manoli Andronikou Street. GR-54013, Thessaloniki, 
Greece
(8)Electron Microscopy Laboratory, Solid State Physics Section, Physics Department, Aristotle University of 
Thessaloniki, GR-54214 Thessaloniki, Greece
(9)University Ecclesiastical Academy of Thessaloniki, Department of Management and Conservation of 
Ecclesiastical Cultural Heritage Objects, 542 50 Thessaloniki, Greece
The icons presented in this paper, belong to the historical Church of Saint Paul, of the 
Thessaloniki Men’s Charitable Fellowship (T.M.C.F.). They were brought to the Museum of 
Byzantine Culture of Thessaloniki which was responsible both for their conservation and 
diagnosis. Among them especially intriguing for further diagnosis and conservation were 
those icons painted on metal panels. The icons were painted with attention to details and a
miniature-like style. The painted surfaces are covered with a layer of oxidized varnish, soot, 
dust and occasional small areas of overpainting; glued to the back are pieces of Cyrillic 
newspaper.
Small samples were taken from different areas of the icons, embedded in polyester resin and 
examined with Οptical Μicroscopy (O.M.), μ-FTIR, micro-Raman and SEM-EDS. The O.M. 
revealed thin ground layers and painting layers with or without imprimitura in between. With 
the use of μ-FTIR, micro-Raman and SEM-EDS the palettes of the painters were identified. 
Pigments such as Prussian Blue, Lazourite, Red Ochre, Cinnabar, Chrome Yellow were used 
for the painting layers. For the thin ground layers, white pigments such as Zinc White, Lead 
White, Blanc Fixe, Kaolinite, Chalk were used. Concerning the organic medium, μ-FTIR
revealed the general characteristics of the binding medium and the protective varnish. Oil,
probably linseed oil, or egg yolk was used. Also, in some samples, both egg yolk and oil were 
identified in different layers. Traces of natural resin, maybe from the protective varnish, were 
also found.
The investigation provided valuable information which allowed attributing the icons is four 
distinct workshops all of which follow a naturalistic style. The first one comprises three icons 
painted on metal substrate, the second two icons painted on wood substrate, and the third and 
fourth one icon each attributed to different workshops, both of them painted on metal.  The 
first of these workshops probably originated in Russia while the other two are attributed to 
two unidentified workshops in Greece. The analysis of the conservators in combination with 
the physicochemical analysis revealed the artistic skills of the masters that painted the icons.
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Fig. 1: mm-wave/THz 3D scanner 
prototype
$PPZDYH7+]VFDQQHU IRU WKH7+]$57(3URMHFW
A. Doria(1), E. Giovenale(1), G. P. Gallerano(1), A. Petralia(1),
M. Picollo(2), K. Fukunaga(3)
(1) ENEA-Frascati – V. E. Fermi 45,  00044 Frascati, Roma, Italy 
(2) IFAC-CNR – Via Madonna del Piano 10, 50019 Sesto Fiorentino, Italy. 
(3) NICT - Koganei, Tokyo 184-8795, Japan 
Terahertz radiation has a number of peculiar characteristics that makes it a powerful tool for 
nondestructive diagnostics of artworks. The capability of the THz radiation of penetrating 
dielectric materials can be utilized to search for hidden paintings or drawings covered by a 
superimposed layer or to detect sub-superficial defects in wall paintings. [1, 2, 3, 4]. 
The project THz-ARTE ("Terahertz Advanced Research TEchniques for non-invasive 
analysis in art conservation") is devoted to the application of THz spectroscopy and reflective 
THz imaging as new non-invasive analytical methodologies applied to the investigation of 
artworks and other objects relevant in Cultural Heritage conservation. One of the main 
objectives of the project is the realization of a 3D mm-wave/THz scanner to perform phase 
sensitive imaging measurements on paintings, to obtain simultaneously topologic and 
spectroscopic information and to detect sub-superficial damages [5]. 
A scanning prototype (fig. 1) has been assembled at 
ENEA-Frascati utilizing the mechanical structure of a
commercial 3D printing system, modified to mount THz 
and mm-wave probe heads. A specific control software has 
been developed to scan an area of about 20x20 cm2 at 
constant distance from the sample.  
Fresco and Painting samples were prepared and 
characterized at NICT in Japan, and at CNR-IFAC. 
Measurements at 120 GHz were performed by means of 
the ENEA Compact THz Free Electron Laser. Imaging 
measurements are currently being performed with the 3D 
scanner and first results were obtained by using a 97 GHz 
IMPATT source in a configuration that includes a probe 
head with a directional coupler to detect the radiation reflected from the sample [6]. Another 
source, operating in the 20-40 GHz spectral region is being tested. More samples mimicking 
the structure of both wood and mural paintings with hidden defects (holes, cracks) were 
prepared at CNR and measured at ENEA. Imaging measurements of various samples will be 
presented. The presence of humidity in wall paintings and frescoes will also be investigated. 
Funding of the THz-ARTE project through the Italian Ministry of Foreign Affairs and 
International Cooperation is gratefully acknowledged. 
[1] J. B. Jackson, J. Bowen, G. Walker, J. Labaune, G. Mourou, M. Menu, K. Fukunaga, IEEE Trans. THz 
Science and Technology, 2011, vol. 1, pp. 220-231. 
[2] G. P. Gallerano, A. Doria, M. Germini, E. Giovenale, G. Messina, I.P. Spassovsky, J Infrared Milli Terahtz 
Waves, 2009,30:1351–1361 
[3] G. C. Walker, J. W. Bowen, J-B. Jackson, J. Labaune, G. Mourou, M. Menu, W. Matthews, and I. Hodder, 
Proc. CLEO, Science and Innovations, 2012, no. CTu3B. 
[4] C. Seco, V. Lopez, G. Arauz, A. Redo, J. Palacios, J. Tejada, 2013,Optics Express, vol. 21, pp. 17800-17805 
[5] A.Doria, E. Giovenale, G. Messina, I. Spassovsky, A.C. More, M. Seracini, Proc. IRMMW-THz 2011, IEEE 
Xplore digital library p. 1-2 ISBN: 978-1-4577-0510-6 
[6] A. Doria, E. Giovenale, G. P. Gallerano, M. Picollo, K. Fukunaga, 2014, THz-ARTE Workshop,  
http://www.frascati.enea.it/thz-arte/abstracts/Tue-IV-03%20Giovenale.pdf  
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(1) Department of Earth Science, Sapienza - University of Rome, Piazzale Aldo 5, 00185, Rome (Italy) 
(2) Department of Basic and Applied Sciences for Engineering, Sapienza - University of Rome, via Antonio 
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(3) Ecological Restoration of Ecosystems and Cultural Heritage – IMBE UMR 7263 CNRS – IRD 237, 
University of Avignon, 33 rue Louis Pasteur, 84000 Avignon (France)
Non-invasive investigations are commonly employed for the characterisation of easel 
paintings [1]. The reflectance and UV-fluorescence spectroscopies have been used for 
pigment identification on selected areas of painted surfaces [2]. In recent years multispectral 
and hyperspectral imaging are replacing traditional UV-vis spectroscopy due to the possibility 
to map pigments with several images, taking into account the specific features of their UV-
fluorescence and reflectance spectra [3, 4]. 
We have combined reflectance spectroscopy, UV fluorescence spectroscopy and multispectral 
imaging for identifying mixtures of white pigments (spread with different binders) using a 
limited number of multispectral images. 
We performed reflectance spectroscopy on mixed white mix pigment samples by means of 
Minolta CM-2300d with a xenon lamp as illuminant and we compared the spectra with those 
obtained using a spectrometer equipped with an integrating sphere and a halogen lamp. We 
achieved different spectral behaviours in the 370-450 range that can be explained as an UV 
fluorescence emission induced by the UV emission of the xenon lamp. 
We carried out reflectance spectroscopy illuminating each samples with an UV led (centred at 
365 nm) and a halogen lamp simultaneously in order to emphasised the UV fluorescence 
contribution. The results were used to choose the number of images taken with a CCD camera 
equipped with interferential filters in order to map the distribution of the white pigments 
mixtures. 
[1] Bonizzoni L., Caglio S., Galli A., Poldi G., J. Applied Physics A, 92 (1), 2008, pp. 203-210. 
[2] Bacci M., Picollo M., Trumpy G., Tsukada M. and Kunzelman D., J. of the American Institute for 
Conservation, 46 (1),  2007, pp. 27-37. 
[3] Comelli D., Valentini G., Nevin A., Farina A., Toniolo L., Cubeddu R., Rev Sci Instrum., 79(8), 2008, pp. 3. 
[4] Delaney J. K., Zeibel J. G., Thoury M., Litteton L., Morales K. M., Palmer M., De la Rie E. R., Proc. SPIE 
7391, O3A: Optics for Arts, Architecture, and Archaeology II, 2009, pp. 8.
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(1) Academy of Fine Arts in Prague, ALMA Laboratory, U Akademie 4, 170 22, Prague 7, Czech Republic, 
hradilovaj@volny.cz
(2) Institute of Experimental and Applied Physics, Czech Technical University in Prague, Horská 3a/22, 128 00, 
Prague 2, Czech Republic, jan.zemlicka@utef.cvut.cz  
(3) Institute of Inorganic Chemistry of the Czech Academy of Sciences, v.v.i., ALMA Laboratory, 1001 Husinec-
Řež, 250 68 Řež, Czech Republic, hradil@iic.cas.cz
X-ray transmission radiography is a method 
widely used for investigation of inner structure of 
objects. Using the unique large area pixel 
detector, developed at the Institute of 
Experimental and Applied Physics, CTU (IEAP) 
in Prague we were able to achieve high spatial 
resolution at the level of micrometres as well as 
unlimited contrast in the measured radiograph. 
The new technology is based on the so-called 
edgeless semiconductor sensors together with 
precise alignment technique and multilevel 
architecture of readout electronics. The 
advantageous properties of individual particles-
counting pixel detectors for X-ray radiography 
include unlimited dynamic range, absence of 
integration and readout noise, high spatial 
resolution and energy sensitivity allowing 
material sensitive (colour) X-ray radiography [1]. 
In here presented case studies, however, the joint 
collecting of visual and analytical information 
was further enhanced by simultaneous 
measurements by portable X-ray fluorescence. 
High resolution X-ray photographs together with 
specifically performed analytical measurements 
enabled to distinguish considerable differences in 
painting execution, material composition and the 
history of secondary interventions of two counterpart paintings from the chapel of Vizovice 
Chateaeu [2]; one of them represented a loose copy of a painting by Raffaello (see Figure). 
Further, we were able to uncover author’s pentimenti on the painting by Alessandro Varotari 
(1588 - 1649). Micro-radiography was particularly important for “detailed” painting 
represented, for example, by tinted miniatures. In the details of such small objects, it is really 
possible to uncover even very slight nuances showing the manner of application of the paint. 
[1] J. Žemlička J Jakůbek M. Kroupa, D. Hradil, J. Hradilová, H. Mislerová, J Instrum C01066 (2011).
[2] J. Hradilová, O. Trmalová, J. Žemlička, Acta Artis Academica (2014), 69-86. 
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Università del Salento, Laboratorio di Spettrometria di Massa Analitica ed Isotopica, Dipartimento di Beni 
Culturali, Lecce, Italy 
An analytical technique based on GC-MS to characterize organic dyes extracted from objects 
of historical interest was developed. In the study of natural dyes, gas chromatographic 
techniques have not been much exploited due to the relatively high-molecular mass and 
polarity of the target compounds. Natural dyes belong, indeed, to several class of organic 
compounds, most of them are sugar derivatives (i.e. flavonoids glycosides) that need to get 
hydrolyzed prior GC-MS analysis [1].
Several hydrolysis conditions have been tested but MAH proved to be a good compromise 
between reaction efficacy and degradation of most labile sugars. Derivatization is 
fundamental in the GC-MS analysis of saccharides, due to the high number of polar moieties 
present in each molecule. An efficient two-step derivatization was set-up by using 
methylboronic acid followed by acetic anhydride addition [2]. The use of acetic anhydride, in 
place of BSTFA or HMDS, avoided the formation of multiple chromatographic peaks.  
The first aim of this work has been to create a database of organic dye profiles, in which sugar 
components are characterized in terms of retention time and molecular mass. The second has 
been to use this information to identify and gain an improved understanding of the plant or 
animal materials used to dye objects of historical and archaeological interest.  
Acknowledgements. This work was performed in the framework of the PRIN 2010-11
(Project No. 2010329WPF_006), and PON 254/Ric. Cod. PONa3_00334, funded by the 
Italian Ministry of University and Research
[1] A. Lluveras-Tenorio, J. Mazurek, A. Restivo, M. P. Colombini, I. Bonaduce, Analysis of plant gums and 
saccharide materials in paint samples: comparison of GC-MS analytical procedures and databases. Chem Cent J 
6, (2012) 
[2] B. E. van Dongen, S. Schouten, J. S. S. Damsté, Gas chromatography/combustion/isotope-ratio-monitoring 
mass spectrometric analysis of methylboronic derivatives of monosaccharides: a new method for determining 
natural 13C abundances of carbohydrates. Rapid Commun Mass Sp 15, 2001496-500 (2001)10.1002/rcm.25 
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Atmospheric pressure MALDI-MS for the direct analysis of 
carbonaceous inks used in XVII century manuscripts 
Giuseppe Spoto (1)(2), Alessandro Rapisarda (1), Giuseppe Grasso (1), Roberta 
D’Agata(1), Angela Aura (1), Maria Chiara Giuffrida(2), Marzia Calcagno(2), 
Cristina Valenti(2)  
(1) Dipartimento di Scienze Chimiche, Università di Catania, V.le A. Doria 6, Catania, Italy (gspoto@unict.it) 
(2) INBB Consortium, Catania Unit, V.le A. Doria 6, Catania, Italy 
 
Spatially resolved analytical methods have significantly enhanced our capacity to study 
ancient works-of-art since they cause minimal and at times no damage to the studied object 
[1-3]. Unfortunately, only few analytical techniques operating within the requested spatial 
resolution are applicable for the investigation of the organic components of artistic and 
archaeological objects. In recent years, the potential showed by spatially resolved mass 
spectrometry (MS) techniques based on direct laser desorption ionization (LDI) has been 
investigated. However, direct LDI is only effective in the study of a limited range of 
materials, while the use of matrices that assist the laser induced ionization process (Matrix 
Assisted LDI, MALDI) has expanded the applicability of the method to the field of spatially 
resolved studies of organic components from works-of-art. The low-medium vacuum 
conditions required for the MALDI-MS analysis significantly limit the potential for in situ 
analysis. Atmospheric pressure MALDI-MS has been shown to overcome the above 
limitation and has been proposed as a new tool for the spatially resolved and minimally 
invasive analysis of organic material present in artistic objects [4-6]. 
The present work demonstrates possibilities offered by in situ AP-MALDI-MS in identifying 
organic components of ancient carbonaceous inks. In particular, AP-MALDI-MS is used here 
for the first time to identify large polycyclic aromatic hydrocarbon (L-PAH) compounds from 
inks used in XVII century manuscripts. PAHs are formed as a consequence of an incomplete 
combustion of the organic matter. Therefore, their presence testifies that specific procedures 
were used in the past for the production of the carbonaceous material used as the pigment for 
inks. 
The role of the in situ AP-MALDI-MS minimally invasive approach in providing a deeper 
knowledge of carbonaceous ink composition is highlighted.  
 
[1] E. Ciliberto, G. Spoto (Eds.), Modern Analytical Methods In Art And Archaeology, John Wiley & Sons Inc. 
2000. 
[2] G. Spoto, A. Torrisi, A. Contino, Chem. Soc. Rev. 29, 2000, 429. 
[3] G. Spoto, Acc. Chem. Res. 35, 2002, 652. 
[4] R. D’Agata, G. Grasso, S. Parlato, S. Simone, G. Spoto, Appl. Phys. A 89, 2007, 91.  
[5] L. Giurato, A. Candura, G. Grasso, G. Spoto, Appl. Phys. A 97,  2009, 263. 
[6] G. Spoto, G. Grasso, Trends Anal. Chem. 30, 2011, 856. 
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Istituto Centrale del Restauro, Rome, Italy  
*DEULHOOD 'L)OXPHUL
Museo  d’Arte Orientale, Rome, Italy
About 100 artifacts and 30 coins from ancient Iran were analyzed, collected during the years by 
professor Giuseppe Tucci and located at the „Museo d’Arte Orientale“ in the „Palazzo Brancaccio“
in Rome. The artifacts are dated from the 3rd millennium B.C. to the XIX Century A.D., while the 
golden coins are dated from 1000 to 1930 A.D.   
A portable energy-dispersive X-ray fluorescence (EDXRF)- equipment  was employed to 
characterize the gold-alloy composition ; It is composed of a small-size X-ray tube working at 38 
kV and 35 μA, and a Si-drift detector having a thickness of 500 μm and an energy resolution of 130 
eV at 5.9 keV.   
Following more relevant results were deduced from the measurements: 
1. Gold from the III-I millennium B.C. from Maesopotamia and Iran :
-gold and silver concentrations are largely varying, according to the usual gold composition of the 
considered period ;  
-the copper content is always less than about 3-4%, suggesting ist „natural“ origin as trace element 
of native gold; a similar result was obtained, in the past, by analyzing etruscan and greek artifacts; 
-iron is often present as trace element; 
-zinc was sometimes detected as trace element;  
2. Gold from the Achaemenid period (VI-IV Century B.C.) 
-gold and silver concentrations are largely varying, according to the usual gold composition of the 
considered period ; 
-copper content is high according to the period; 
-in one ear-ring zinc was detected  as very high concentration levels ~20%);
-cadmium was detected in a soldering, confirming the suggestion of G. Demortier that this element
was sometimes employed in ancient Iran for soldering.  
3. Gold from the Parthian period (III Century B.C.-III Century A.D.)   
-gold,  silver and copper concentration values  are consistent with the usual gold composition of the 
considered period. 
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WHY[PJSLZĀZPaL"^ HZWLYMLJ[S` ĀJVTWH[PISL"Z[HISL"WLUL[YH[PUNĀH KL_[YLTLS` YLHJ[P]LĀPUĀHPY"
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JVTIPULKĀ[YLH[TLU[VMĀUHUVSPTL^P[OĀLZ[LYZĀVMĀZPSPJPJĀHJPK^ LYLĀL]HS\H[LKĀ[VV$@OLĀJHSJP\T
JHYIVUH[LĀUHUVWHY[PJSLZĀMVYTLKĀHM[LYĀ[OLĀUHUVSPTLĀ[YLH[TLU[JH[HS` aL [OLĀNLSĀMVYTH[PVU
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[VNL[OLYĀ^P[OĀHJVTWHYPZVUĀ^P[OJVUZVSPKHU[ZHSYLHK` Ā\ZLKĀPUĀJVUZLY]H[PVUĀPU[LY]LU[PVUZ$
F'GĀ9$Ā2LP"Ā0$Ā?HS]HKVYP"Ā8$1 \ S[\YHSĀ6LYP[HNL"Ā(&&,"Ā''&
F(G>$ĀBVSWL"Ā5$Ā@HNSPLYP"ĀB$Ā2HUPLSL"Ā5$Ā2LSĀ>"Ā=YPVYP[` Ā>:(&' '/ &&&)-&"Ā=1 @%70( &') %&+,'. +
F)GĀ5$Ā@HNSPLYP"Ā0$Ā4LSPJL"ĀB$Ā2HUPLSL" >$ĀBVSWL"Ā1$Ā:VUKLSSP"Ā8$Ā;HUVLUNPULLYPUNĀHUKĀ;HUVZZ`[LT Z"Ā (&'*!
F*G3$: HY`UPHR#=PHZaJa`UZRP"ĀB$ĀC VSMHUKĀ3$ 5 OHMMHYP" ' ( [OĀ7U[LYUH[PVUHSĀ1VUNYLZZĀVUĀ[OLĀ2L[LYPVYH[PVUĀHUK
1 VUZLY] H[PVUĀVMĀ?[VUL1 VS\TIPHĀAUP] LYZP[` "Ā;L^ ĀEVYR"Ā(&'($
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M. Alfeld(1), U. Boesenberg(1) and G. Falkenberg(1)
(1)  Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607 Hamburg, Germany 
At the hard X-ray Microprobe experiment at beamline P06 at PETRA III of DESY a 
Kirkpatrick–Baez (KB) mirror system is used as standard beam defining optic to focus the 
monochromatic radiation yielded from an undulator source with a Si(111) monochromator. 
The KB-system allows for a beam size in the range of 300 nm with a working distance of 
20 cm in the energy range from 5.5-23.0 keV. This large workings distance of the KB-system 
allows for the installation of custom sample environments and the investigation of large,
bulky objects. Primary radiation of higher energy (up to 80 keV) is accessible by the use of 
compound refractive lenses. 
The main technique used at P06 is X-ray fluorescence spectroscopy (XRF) imaging. The 
capabilities in this field have been recently enhanced by the installation of a Maia detector 
system [1], which consists of an array of 384 detector elements and allows to acquire 
elemental distribution images with a dwell time of less than 1 ms per pixel and an outgoing 
count rate of up to 10 million counts per second. This allows for the acquisition of elemental 
distribution images of several megapixels in a few hours.  
The distribution of crystalline phases can be determined by XRD imaging and chemical 
species can be identified by X-ray absorption near edge structure (XANES) investigations. 
The later benefits from the installation of the Maia detector system, as the fast imaging allows 
for full spectral XANES imaging, i.e. at each energy of the XANES scan an elemental 
distribution image is acquired by XRF imaging. The result of this is an image, in which each 
pixel corresponds to a full XANES spectrum, providing more representative information of 
the sample than a number of XANES profiles recoded on selected spots.  
In recent years, the degradation of Cadmium yellow (CdS) [2], Lead chromate (PbCrO4)
[3,4], Vermilion (HgS)[5] in micro samples from historical paintings has been studied at P06,
as well as the composition of Paleolithic paint [6].
With its intense, sub-micrometer beam, state of the art detectors and flexible sample 
environment beamline P06 is suitable for a wide range of experiments, including the 
investigation of cultural heritage objects. In this contribution we will illustrate its value with 
selected application examples. 
[1] C. G. Ryan, et al., J. Phys.: Conf. Ser. 499, 2014, 012002. 
[2] G. Van der Snickt, et al., Anal. Chem., 2012, 84 (23), pp 10221-10228.
[3] L. Monico, et al., Anal. Chem., 2013, 85 (2), pp 851-859. 
[4] L. Monico, et al., J. Anal. At. Spectrom., 2015, in print.
[5] F. Da Pieve, et al., PRL, 2013, 111 (20), p 208302. 
[6] M. Gay, et al., J. Anal. At. Spectrom., 2015, submitted. 
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M. Alfeld(1), M. Wahabzada(2), C. Bauckhage(3), 
K. Kersting(3,4), G. Wellenreuther(5) and G. Falkenberg(1)
(1) Deutsches Elektronen-Synchrotron DESY, Notkestraße 85, 22607 Hamburg, Germany 
(2) INRES-Phytomedicine, University of Bonn, Meckenheimer Allee 166a, 53115 Bonn, Germany. 
(3) Fraunhofer IAIS, Schloss Birlinghoven, 53757 Sankt Augustin, Germany
(4) Computer Science Department, TU Dortmund University, Joseph-von-Fraunhofer-Str. 23, 44227 
Dortmund, Germany 
(5) European XFEL GmbH, Albert-Einstein-Ring 19, 22761 Hamburg, Germany
X-ray Fluorescence spectrometry (XRF) is a popular technique for the investigation of 
cultural heritage objects, as it allows the non-destructive determination of a sample’s
elemental composition. By scanning the surface of an object with a focused or collimated 
beam, XRF imaging allows for the acquisition of elemental distribution images. It is used for 
the investigation of small samples with a lateral resolution of a few micrometers or below and 
large objects, e.g. entire historical paintings, with a lateral resolution of a few hundred 
micrometers.  
The evaluation of XRF imaging data can be difficult, as one has to identify all spectral 
features present and resolve the spectral interferences. This is typically achieved by de-
convoluting the acquired XRF spectra in dedicated software packages, such as PyMCA[1], 
yielding elemental distribution images. Also the interpretation of these images can be 
challenging, as they may contain high levels of redundancy and feature components differing 
in their quantitative, but not qualitative elemental composition.  
Matrix factorization techniques, such as Principal Component Analysis (PCA), support the 
interpretation of raw XRF imaging data and elemental distribution images by reducing 
redundancies and highlighting correlations. However, the components determined by PCA 
can be difficult to interpret, as the non-negative nature of XRF spectra is not preserved. An 
alternative to PCA is Non-Negative Matrix Factorization (NMF)[2], in which all components 
are restricted to non-negativity at the price of longer processing times and often a less 
accurate, but more readable, representation of the original data set. Until now, NMF has been 
used only a few times for matrix factorization of elemental distribution images acquired by 
XRF imaging [3,4].
In a recent study we used the NMF of the Python Matrix Factorization Module (pymf)[5] to 
support the interpretation of elemental distribution images acquired on Rembrandt van Rijn’s 
Saul and David [6]. In this contribution we will show how the matrix factorization routines of 
pymf can be applied to large full spectral XRF data of historical paintings. 
[1] V. A. Solé, et al., Spectrochim. Acta, Part B 62, 2007, 63. 
[2] D.D. Lee, H.S. Seung, Nature, 401, 788. 
[3] S. Lahlil, et al., J. Anal. At. Spectrom., 26, 2011, 1040. 
[4] J. Osán, et al., Spectrochim. Acta, Part 91, 2014, 12. 
[5] https://code.google.com/p/pymf/ 
[6] M. Alfeld, et al., J. Phys.: Conf. Ser. 499, 2014, 012013.
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Sofia Pessanha(1), (2), Marcelino J. Anjos(3),  Maria Luisa Carvalho(1), (2) Joaquim 
T Assis(4),
(1) Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), (2) 
Faculdade de Ciências e Tecnologia da Universidade Nova de Lisboa, Campus Caparica, 2829-516 Monte da 
Caparica, Portugal; (3) UERJ/IF/DFAT  - Rio de Janeiro, RJ - Brasil  CEP: 20550-900 (4) UERJ/IPRJ  -    
Nova Friburgo, RJ -    Brasil CEP: 28625-570;
Gilding is the attaching of a gold layer on to a surface of another material, a substrate; several 
gilding techniques have been used throughout history, the most important is gilding with gold 
leaf. The most common strategy to evaluate gilding of an artwork is Scanning Electron 
Microscopy imaging of samples collected and mounted as cross-sections. In this work, the 
thickness of the gold leaf will be determined without sampling, using X-ray fluorescence. 
This methodology is based on the different attenuation coefficients of the characteristic lines 
of the substrate over which the leaf was applied. In this case, the characteristic lines of Pb (Lα
and Lβ) belonging to the lead white substrate, although attenuated in the Au layer, are still 
visible in the X-ray fluorescence spectra [1, 2]. By determining the intensity ratio Lα/Lβ and 
comparing it with the ratio for an infinitely thick sample of lead white, the thickness of the 
attenuating material can be determined. 
This methodology was applied to the gilded areas of two carriages produced in the same 
factory in different periods. One belongs to the Museu Nacional dos Coches, in Lisbon - 
Portugal, and the other belongs to Museu Imperial in Rio de Janeiro – Brazil. 
The gold leaf used was in the 1 Pm order of magnitude. 
[1] R. Cesareo, A. Brunetti, S. Ridolfi, X-Ray Spectrom. 37, 2008, 309. 
[2] S. Pessanha, M. Guerra, S. Longelin, A. Le Gac, M. Manso, M. L. Carvalho, X-Ray Spectrom. 43, 2014, 79. 
$FNQRZOHGJHPHQWV
Authors would like to acknowledge Museu Nacional dos Coches, Lisbon and Museu Imperial 
Rio de Janeiro for allowing the study of the carriages. S. Pessanha would like to acknowledge 
FCT for the postdoc grant SFRH/BPD/94234/2013.
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Sofia Pessanha(1), (2), Mário Costa(1), Jorge Sampaio(3), Maria Luisa Carvalho(1), (2)
(1) Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), 
Departamento de Física, Faculdade de Ciências e Tecnologias, Universidade Nova de Lisboa, 2829-516 Monte 
da Caparica, Portugall; (2)Faculdade de Ciências e Tecnologia da Universidade Nova de Lisboa, Campus 
Caparica, Portugal;(3)BioISI - Biosystems & Integrative Sciences Institute, Lisboa; 
An original manuscript of Eça de Queiroz (1845-1900) “The illustrious house of Ramires”, 
published in 1900, was analyzed using X-Ray Fluorescence. Several words and sentences 
were scratched as corrections for later versions. In two cases, however, almost half a page was 
covered with a new sheet of paper (glued) and rewritten. Taking advantage of the penetration 
power of the characteristic X-rays of the Chromium present in the ink, we were able to 
reconstruct the sentences that were edited by the author. In Fig.1 an example of the mapping 
obtained using Bruker M4 Tornado is presented.
Fig.1- Comparison of the mapping of the Cr (green) signal for both inks with the video image of the manuscript.  
The images created combined with paleographic expertise will enable the discovery of the 
preliminary version of this classic of Portuguese literature. 
$FNQRZOHGJHPHQWV
Authors would like to acknowledge Biblioteca Nacional de Portugal for allowing the study of 
the manuscript, namely Inês Cordeiro (Direction) and Teresa Lança (Conservation). S. 
Pessanha would like to acknowledge FCT for the postdoc grant SFRH/BPD/94234/2013. 
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A. Pelagotti1, M. F. Alberghina2, S.Schiavone3, E. Massa4
(1) INO-CNR, L.go E.Fermi 6, 50125 Firenze, Italy, anna.pelagotti@ino.it 
(2) ECOX, via Dante Alighieri, 51 – 93015 Niscemi (CL) – Italy, ecoxdiagnostica@gmail.com 
(3) S.T.Art-Test, via Stovigliai, 88 – 93015 Niscemi (CL) – Italy, info@start-test.it, 
(4) Art-Test, via del Ronco 12, 50125 Firenze, Italy,  massa@art-test.com 
The recent advances in digital imaging as well as in non-destructive testing, have greatly 
facilitated the examination of the materials and of the techniques employed to create 
paintings. New and improved methods are able to test the used support, the superficial paints 
but also to visualize those hidden layers not visible to the naked eye, such as the preparatory 
layer, and the underdrawing. The way the artwork was planned and physically created can be 
studied in depth. Generally, the integration of different complementary non-invasive 
techniques can provide answers to most of the questions related to the working methods 
employed. 
100 paintings from the Pinacoteca Nazionale di Siena, dating between the early XIII and the 
XVI centuries, with the largest part belonging to the XIII and XIV centuries and painted by 
Sienese artists, have been investigated with diagnostic techniques. Duccio, Simone Martini, 
Pietro e Ambrogio Lorenzetti, Sano di Pietro are a mong the studied painters,  65 different 
artists in total.. The appearance in Siena of new types of artworks in the XIII century was 
going to influence the whole of Europe. They advanced on the previous tradition, introducing 
elements, both formal and technical never seen before. Hence the importance of undertaking a 
systematic study of the evolution of Sienese painting from the XIIth to the XIVth century 
Only non-destructive methods, both imaging methods and XRF, have been employed to 
determine the materials used. All images, together with the results of XRF analyses, are now 
collected in a database which offers the possibility to compare not only the visible image and 
the X-rays, or the reflectographies, for a single painting, but also e.g. to relate the 
underdrawing of pictures attributed to the same artists, or verify the reuse of a "cartone" 
within the production of a workshop or different ones. It aims at providing an unparalleled 
tool for understanding, dating and authenticating paintings. In the framework of this study, 
comparative analyses of materials and techniques can be carried out. The major changes 
which occurred in the history of panel paintings and in the history of art in this period can be 
traced. In the underdrawings it is in fact evident when the strife towards “high art” begins. In 
the presence and the nature of the pentimenti, we can observe where the artist seeks to form 
the invention and the beauty of the final result, when he endeavours towards a more realistic 
portrait of reality. New tools and materials, new pigments and new colours are introduced.
[1] D. Fontana; M.F. Alberghina; R.Barraco; S. Basile,; L Tranchina; M. Brai; A. Gueli; S.O. Troja, “Historical 
pigments characterisation by quantitative X-ray fluorescence”, Journal of Cultural Heritage, Volume 15, Issue 3, 
May 2014  
[2] A. Pelagotti; A.Del Mastio; A.De Rosa; A.Piva “Multispectral Imaging of Paintings: a Way to Material 
Identification”, IEEE Signal Processing Magazine, Special Issue on Cultural Heritage, vol. 25 n. 4 July 2008 
 [2] M. Ciatti, “Some observations on panel painting technique in Tuscany form the twelfth to the thirteenth 
century”, Science in Conservation, vol. 43, January 1998
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Discovery of the possible source of ore used in palaeolithic 
paint production in Kapova Cave, Russia 
Alexander Pakhunov(1), Vladislav Zhitenev(2), Nikolay Brandt(3),
Andrey Chikishev(3), Eduard Greshnikov(4) and Ekaterina Golovkova(4)
(1) Institute of Archaeology RAS. Dm. Uljanov street 19, Moscow 117036, Russia.  
(2) Faculty of History, Moscow State University. Moscow 119991, Russia. 
(3) Faculty of Physics and Intl. Laser Center, Moscow State University. Moscow 119992, Russia. 
(4) National Research Centre "Kurchatov Institute". Akademika Kurchatova pl. 1, Moscow 123182, Russia. 
One of the main goals in the study of cave art paintings is to explore the origin and sources 
of raw materials [1, 2]. Analysis of almost 40 samples of the palaeolithic art paintings 
in Kapova cave proves that hematite is the main chromophoric component, with particle size 
ranging from several fractions of micrometer to 40 μm [3]. Conventional thermal treatment 
of well dispersed iron-containing precursors cannot yield large plate-like hematite crystals 
that have been found in the cave [4]. Two methods that can be used to make such crystals 
employ (i) a pure hematite source, and (ii) calcination of coarse goethite crystals. 
Fe-rich concretions rather than hematite outcrops 
are found at present in the vicinity of the Kapova 
cave. Only X-ray fluorescence spectrometry has 
been used to analyze such outcrops [5]. 
To determine whether it was used as a raw 
material in the production of the coarse hematite-
containing pigment, we carried out calcination 
and grinding experiments. Particle dispersion 
and morphology were studied using scanning 
electron microscopy and polarized light 
microscopy.
The samples under study are dark-brown large 
crystal grains that predominantly contain goethite. 
During the thermal treatment, goethite dehydration 
leads to the formation of hematite particles with 
similar sizes. This process was confirmed by both micro-Raman spectroscopy (Fig. 1) and 
X-ray diffraction. Therefore, studied outcrops seem to be the most plausible source 
of pigments in the absence of hematite. 
[1] E. Iriarte, A. Foyo, M. Sanchez et al. Archaeometry, 51(2), 2009. 231–251. 
[2] S. Gialanella, R. Belli, G. Dalmeri et al., Archaeometry, 53(5), 2011, 950–62. 
[3] A. Pakhunov, N. Brandt, A. Chikishev. The Conservation of Subterranean Cultural Heritage, 33, 2014, 275–
280.
[4] G. Mastrotheodoros, K. Beltsios, N. Zacharias. Mediterranean Archaeology and Archaeometry, 10(1), 2010, 
37-59.
[5] V. Kotov, Y. Lyachnitskiy, Y. Piotrovskiy. Ufimskiy archaeologicheskiy vestnik, 5, 2004, 65-71. 
Fig. 1. Raman spectra of the grinded dark 
brown concretions before (solid line) and after 
(dashed line) thermal treatment.
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FDVHVWXG\
A. Pelagotti1, M. F. Alberghina2, S.Schiavone3, E. Massa4
(1) INO-CNR, L.go E.Fermi 6, 50125 Firenze, Italy, anna.pelagotti@ino.it 
(2) ECOX di M. Alberghina & C, via Dante Alighieri, 51 – 93015 Niscemi (CL) – Italy, 
ecoxdiagnostica@gmail.com 
(3) S.T.Art-Test di S. Schiavone & C, via Stovigliai, 88 – 93015 Niscemi (CL) – Italy, info@start-test.it, 
(4) Art-Test, via del Ronco 12, 50125 Firenze, Italy,  massa@art-test.com 
Identifying materials used is often crucial to date and authenticate artworks, as e.g. several 
pigments are of relatively recent discovery and production, and they could be employed only 
after a certain date. Others are no longer produced, or with different production methods. 
Moreover, diversities exist in the geographical distribution of the usage of pigments and 
colorants as well as of media, types of support employed and so on. The palette and 
techniques of individual artists are also increasingly more fully known and published, to the 
benefit of art historians and scientists alike. 
Several analytical and physical methods exist to determine the sort of materials used, mainly 
resolving a small area of a few squared millimeters. In fact, identifying materials has been the 
first strategy conceived to help the scientific knowledge of art. The first methods were mainly 
micro-destructive, while in recent times more noninvasive techniques are researched. 
However, the reliability of the different methods developed strongly depends on the 
procedure and the instruments used as well as by the technique actually employed by the artist 
reflected on the structural complexity of the artwork. 
When this is ignored, or no clear understanding is available on these problems, major 
mistakes can be done and unreliable conclusions can be drawn, casting questioning shadows 
on the whole archeometrical approach.  
We present here a case of a painting, supposedly by Goya, in which the pigments 
identification was initially carried out by a different lab using the Fiber Optics Reflectance 
Spectroscopy (FORS) method. This first analysis suggested materials compatible with the 
known palette by the Spanish artist, and no anachronism with the supposed period of 
execution. 
However, a XRF test revealed that hardily any of the “supposed” pigments was actually to be 
found on the painting, where actually modern materials were used, leading to a much later 
dating and contradicting the hypothesis of an authorship by Goya.  
A general comparison of the limits and the possibilities of the two techniques will be 
illustrated. 
[1] -Philip J Potts and Margaret West (Edited by), Portable X-ray Fluorescence Spectrometry. Capabilities for In 
Situ Analysis. The Royal Society of Chemistry 2008
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Fergus McNab(1,2), Logan Mackay(1) and Alison N. Hulme(1)
1 EaStCHEM School of Chemistry, Joseph Black Building, Kings Buildings, David Brewster Road, 
Edinburgh, EH9 3FJ, UK 
2 National Museums Scotland, Collections Services Department, 242 West Granton Road, Edinburgh, EH5 
1JA, UK 
3 Manchester Institute of Biotechnology and School of Chemistry, The University of Manchester, 131 
Princess Street, Manchester M1 7DN, UK 
4 National Museums Scotland, Department of Art and Design, Chambers Street, Edinburgh, EH1 1JF, UK 
The identification of aniline dyes in late 19th century Fashion textiles is challenging. This is 
due to the lack of historical references and the large range of related dyes that were patented 
and marketed until the early twentieth century, both rendering extremely difficult the 
identification of a specific aniline dye. Of these, Mauve synthesised in 1856 by W.H. Perkin, 
has hitherto been the most extensively studied [1, 2].  
Between 1854 and 1904, National Museums Scotland - formerly called the Industrial Museum 
of Scotland - acquired a large collection of industrial, mineralogical and chemical materials that 
form today part of the Science and Technologies collection. One of the highlights of this 
collection is a small group of early aniline and azo dyes including Rosaniline acetate, Rosaniline 
hydrochloride, Hofmann’s violet, Nicholson’s blue, Malachite green and Bismarck brown that 
have never been scientifically investigated. 
These early aniline dyes, together with an authentic reference of mauve, which was synthesised 
following Perkin’s recipes [3] were investigated using a Waters Ultra Performance Liquid 
Chromatography instrument coupled to Photo Diode Array analysis and ESI Mass 
Spectrometry conducted in positive mode (PDA-UPLC and MS/MS) using a Waters Synapt G2 
Q-ToF. This method allowed the simultaneous characterisation of the main dye component 
present is these complex mixture of dyes by combining their UV-Vis and [M ̶ H]+ data [4].  
The fragmentation of the aniline dyes was investigated using Accurate Mass data, which was 
acquired on a 12T Solarix FT-ICR (Bruker Daltonics).  Samples were introduced using a 
TriVersa Nanomate nESI robot (Advion) operating in positive mode.   Mass spectra were 
recorded with an average peak resolution of 200,000 and mass accuracy of less than 100 ppb 
facilitating the determination of a unique molecular formula based on the observed mass.  Data 
analysis was performed using Data Analysis version 4.0 (Bruker Daltonics).  
This method was then applied to a selection of silk dresses from the 1860s to 1890s thought to 
have been dyed with mauve or related aniline dyes.  The result showing that each textile was 
dyed with a different shade of violet-coloured aniline dye, none of which was identified as 
mauve.  
[1] J. Seixas de Melo, S. Takato, M. Sousa, M.J. Melo, A.J. Parola, Chem. Commun, 2007, 2624 – 2626. 
[2] M.M. Sousa, M.J. Melo, P.A. Jorge, P.J.T. Morris, H.S. Rzepa, J.S. Seixas de Melo, Chem. Eur. J., 2008, ,
8507-8513. 
[3] W.H. Perkin, Proceedings of the Royal Society, 1862-3, , 713–715.  
[4] L.G. Troalen, A.S. Phillips, D.A. Peggie, P.E. Barran and A.N. Hulme, Anal. Methods, 2014, , 8915-8923.
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(1) Geobiotec/Departamento de Geociências – Universidade de Aveiro - Campus Universitário de Santiago - 
3810-193 Aveiro, Portugal 
 (2) Cinábrio, Conservação e Restauro - R. Almirante Cândido dos Reis, Nº28, 3ºT – 3800-096 Aveiro, Portugal 
(3) Departamento de Conservação e Restauro, Instituto Politécnico de Tomar - Quinta do Contador, Estrada da 
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The development of analytical techniques and their application in the study and conservation 
of artworks had sometimes brought new light into works that have always been present. The 
increase in portability of the equipment’s and an easier access to institutions or companies 
that perform these exams made possible to view the works under a different perspective and 
use these advances in the benefit of research and restoration treatments. This presentation 
aims to show several examples on the application of analytical methods in the study of 
different artworks: gilded altarpieces, clay and wood sculpture and painting. Several exams 
will be addressed such as: optical microscopy (OM), complementary micro X-ray 
fluorescence (µXRF), scanning electron microscopy (SEM) in combination with energy 
dispersive spectroscopy (EDS), X-ray diffraction (XRD) and inductively coupled plasma 
mass spectrometry (ICP-MS). The presentation will also focus on a very important analytical 
tool present in an every-day restorer life, the use of naked eye observation and how this 
instrument many times overlaps and substitutes the use of other techniques.  
Figure 1. “Gilded silver”: silver crystals in what was initially thought to be gold leaf. Sample 
collected in an 18th century clay Nativity Scene. 
Figure 2. Original layer and overpaint. Sample collected in a flesh tone of a sculpture from a 
16th century stone altarpiece.  
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Ortega-Feliu(1) and M.A. Respaldiza(1)(4)
(1) Centro Nacional de Aceleradores (CNA), Universidad de Sevilla-CSIC-Junta de Andalucía, Seville, Spain. 
(2) Departamento de Física Aplicada I, University of Seville, Seville, Spain. 
(3) Departamento de Física Aplicada III, University of Seville, Seville, Spain. 
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Archaeological silver-copper alloys are usually affected by silver enrichment of the near 
surface layers, either intentional or fortuitous. The origin of this enrichment is diverse [1,2]:
segregation during casting, thermal and/or chemical treatments, abrasion, corrosion, 
conservation treatments, etcetera. For that reason, non-destructive X-ray fluorescence analysis 
(XRF) of the surface of ancient silver-copper coins may not provide reliable information 
about bulk composition of the alloy in most instances [3,4].  
In previous studies [5,6] we have shown that surface composition of archaeological bronzes 
and leaded copper coins obtained by XRF can be corrected by means of gamma-ray 
transmission (GRT) and thus obtain the bulk composition. In this work we study the 
applicability of this method to silver-copper alloys, by comparing the XRF corrected results 
with the direct analysis of the cross sections of a set of silver roman denarii [7].
Acknowledgments: Work partially supported by the project HAR2012-33002 from the 
Spanish Ministry of Economy and Competitiveness.
[1] L.H. Cope, in Methods of Chemical and Metallurgical Investigation of Ancient Coinage, RNS Special 
Publication No. 8, p. 261, E.T. Hall and D.M. Metcalf (Eds.), 1972. 
[2] S. La Niece, in Metal, Plating and Platination, p. 201, S. La Niece and P. Craddock Eds. (Butterworth–
Heinemann, London, 1993). 
[3] L. Beck, E. Alloin, C. Berthier, S. Réveillon, V. Costa, Nucl. Instr. And Meth. B 266 (2008) 2320-2324. 
[4] M. Rodrigues, F. Cappa, M. Schreiner, P. Ferloni, M. Radtke, U. Reinholz, B. Woytek, M. Alram, J. Anal. 
At. Spectrom. 26 (2011) 984-991. 
[5] M.A. Respaldiza, F. Barranco, J. Gómez-Camacho, B.M. Gómez-Tubío, M.M. Ruiz-Delgado, Nucl. Instrum. 
Methods B 50(1990) 226.
[6] A.I. Moreno-Suárez, B. Gómez-Tubío, M.A. Respaldiza, F. Chaves, I. Ortega-Feliu, M.Á. Ontalba-
Salamanca, F.J. Ager, Nucl. Instrum. Methods B 269 (2011) 3098–3101. 
[7] F.J. Ager, A.I. Moreno-Suárez, S. Scrivano, I. Ortega-Feliu, B. Gómez-Tubío, M.A. Respaldiza, Nucl. 
Instrum. Methods B 306 (2013) 241-244. 
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The ED-XRF method was used  in order to analyze a small set of Polish coins. The developed 
in National Centre for Nuclear Research (NCBJ) X-ray tube with silver anode and Amptek
spectrometer were used to perform basic test of the system to archeological studies of a few 
Polish coins composition. It was found that studied coins origin from AD 1664: boratynka, a
penny of Jan Kazimierz (fig.1) and AD 1810: 1 grosz, a penny from the Duchy of Warsaw 
were composed from pure copper. The 1zloty/15kopiejek used in the days of the Kingdom of 
Poland, being in Real union with the Russian Empire, was made of Ag and Cu (fig. 2). In the 
interwar period the polish coins consists mainly of pure nickel, however, 2 záote AD 1933 
contained admixture of silver. During communism epoch higher denomination coins (10, 20 
záoty) were made of the alloy of nickel and copper, 2 and 5 záoty were made of MM59. The 5 
groszy AD 2009, which is made of MM59 (Manganese brass, composed of 59% Cu, 40% Zn 
and 1% Mn), was used for system calibration. The experimental data shows that the system is 
an effective tool for analysis of elements concentration in coins. The data will be improved 
with Monte Carlo simulations using MCNP code.
The X-ray fluorescence (XRF) is one of interesting research method from archeologic point 
of view. The knowledge of the composition of coins can give some information about mining 
[1,2], a mint technique [3] and an economic/political situation [3,4] in the interest region at 
interest time.  
      
Fig.1 XRF spectrum of boratynka 1664    Fig. 2. XRF spectrum of 1zloty/15kopiejek 1938 
  after background subtraction                                                        after background subtraction                               
 
References: 
[1] B. Sodaei, P.M. Khak, M. Khazaie, Interdisciplinaria Archaeologica, 2 (2013) 211-215 
[2] M. Baldassarri, G. de Holanda Cavalcanti, M. Ferretti, A. Gorghinian, E. Grifoni, S. Legnaioli, G. Lorenzetti, 
S. Pagnotta, L. Marras, E. Violano, M. Lezzerini, V. Palleschi,  Journal of Archaeology  09/2014 (2014)1-6
[3] B. Constantinescu, R. Bugoi, E. Oberländer-Târnoveanu, K. Pârvan,  Romanian Reports in Physics 57 (2005)
1021-1031 
[4] P.S. Parreira, C.R. Appoloni, R. M. L. Vieira, R.B. Scorzelli, L. Le Corre, M.F. Guerra ArcheoSciences 33
(2009) 313-318
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$PRQJWKHGLIIHUHQWW\SRORJLHVRIEODFNJORVVWKHDWWLFRQHLVWKHPRVWUHILQHGVLQFHLW LVSUHSDUHGE\XVLQJD
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ZKRVH FKHPLFDO FRPSRVLWLRQ LV ZHOO
NQRZQ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7KHFKHPLFDOFRPSRVLWLRQRIWKHDQDO\]HGVXUIDFHGKDVEHHQLQYHVWLJDWHGDQGDFKHPLFDOEDVHGGLVFULPLQDWLRQ
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(1) Centro Nacional de Aceleradores, (Universidad de Sevilla-CSIC-J. Andalucía) 
(2) Departamento de Física  Atómica, Molecular y Nuclear. Universidad de Sevilla. 
(3) Departamento de Física Aplicada III. Universidad de Sevilla. 
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In science applied to cultural heritage and archaeometry, the study of manufacturing of 
ancient metal object is of paramount importance because could provide important information 
about the ancient commercial activity, trade routes and economy status of a civilization. 
The present work arises from the necessity to identify the metallurgical techniques used in the 
manufacture of a collection of gold jewels dating in the Tartesic period, discovered in the 
south of the Iberian Peninsula. Thanks to a previous systematic study by micro-XRF 
spectrometry of weld replicas produced as in ancient times, it is possible to distinguish the 
different types of welding procedures [1], especially useful in reconstructing the manufacture 
method used for a metallic object. In this work, we apply this study to understand the results 
of the micro-XRF analysis of Pre-Roman gold jewels. 
For the analysis of the objects, a portable micro-XRF experimental set-up was used. This 
system is equipped with a portable X-ray source with an Rh anode, combined with a 
polycapillary mini-lens in the excitation channel. This lens provides a 30 µm FWHM (Full 
Width at Half Maximum) spot size at ~10 mm distance to the sample. A Super Silicon Drift 
Detector from Amptek, positioned at 45˚ from the source, has been used. The particular 
design of the spectrometer allows a friendly and fast measurement of the archaeological 
metallic sample. 
Using the quantitative analysis of the welding and soldering zones, the decorations and the 
bulk composition of each jewel we were able to reconstruct the different manufacture stages 
[2], identifying the joining method used to manufacture the jewels.  
$FNQRZOHGJHPHQWV
This work has been partially supported by the project HAR2012-33002 from the Spanish 
Ministry of Economy and Competitiveness.
[1] S. Scrivano, B. Gómez Tubío,   I. Ortega-Feliu, F. J. Ager, A. I. Moreno-Suárez, Ma L. de la Bandera, M. A. 
Respaldiza, Identification of soldering and welding processes in ancient gold jewelry by micro-XRF 
spectroscopy, X-Ray Spectrom., 42(4), 2013, 251-255.
[2] G. Demortier, LARN experience in nondestructive analysis of gold artifacts, Nucl.Instr. and Meth. B., 14, 
(1986), 152-155.
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Energy dispersive X-ray fluorescence (XRF) spectrometry is a widely applied analytical 
technique for non-destructive and cost-effective determination of elemental composition of 
art objects. The XRF analysis can be carried out in non-vacuum condition with direct 
excitation of elements in solid samples without chemical-physical preparation. In the   present 
project a portable X-ray fluorescence spectrometer set-up was constructed which enables 
performing spot (≈1-3mm2) analysis on non-transportable or valuable objects of cultural 
heritage. The XRF spectrometer includes a low-power transmission type X-ray tube with Ag 
anode and a thermoelectrically cooled silicon drift detector with 25 mm2 active area for 
detection of characteristic X-rays emitted by the excited sample elements. The measuring 
geometry provides a quasi-confocal [1] set-up 
with application of collimators individually 
designed to the detector and the X-ray source 
respectively. For determination of concentration of 
the sample elements a new theoretical model 
based on fundamental parameter method and a 
new computer code were developed in MATLAB 
environment. The numerical solution of FPM [2] 
equations does not require reference samples for 
calibration of concentration of the chemical 
elements in the sample; therefore this procedure is 
typically applicable for elemental analysis of 
objects with heterogeneous composition, when no 
standard samples are available. XRF measurement 
and determination of quantitative composition of 
reference samples have been carried out in order 
to test the reliability of the new FPM based 
quantitative procedure. An example of 
measurements on a Csontváry painting and calculation of concentrations of elements in 
pigments located in different spots of a sequentially layered painting will be presented. This 
relatively simple method demonstrates the effectiveness of the XRF technique in the field of 
non-destructive analysis of objects of cultural heritage.  
 
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Natthapong Monarumit(1), Nutwatcharee Noirawee(1), Chakkrich Boonmee(1) ,
Aumaparn Phlayrahan(1), Krit Won-in(1) and Somruedee Satitkune(1)*
(1) Department of Earth Sciences, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand 
  
Freshwater-cultured pearl is an organic gemstone mainly composed of calcium carbonate 
mineral including calcite, aragonite and vaterite phases [1]. Generally, the quality of 
freshwater-cultured pearl is based on its luster [2]. The high luster pearl is full of the aragonite 
phase without vaterite phase. On the other hand, the low luster pearl consists of aragonite and 
vaterite phases [3]. These data could be proved by the scanning electron microscopy (SEM). 
In this study, the SEM images of freshwater-cultured pearl (Chamberlainia hainesiana)
among high luster and low luster samples are recorded. The different micro-structure patterns 
between them are shown in Figure 1. As the results, the high luster pearl clearly shows the 
hexagonal shape of aragonite [also as 4]. Moreover, the irregular form is observed in low 
luster pearl interpreted to the mixture of aragonite and vaterite. The SEM images can be 
applied for identifying the quality of freshwater-cultured pearl and suitable applied for 
gemological study. 
Fig. 1 (a) SEM image of high luster 
freshwater-cultured pearl sample 
Fig. 1 (b) SEM image of low luster 
freshwater-cultured pearl sample
[1] H. Ma, A. Su, B. Zhang, R. Li, L. Zhou, B. Wang, Progress in Natural Science 19(7), 2009, 817-820. 
[2] B. Gu. )UHVKZDWHU3HDUO&XOWXUH. Submitted in Fourth Training Course for Senior Aquaculturists in Asia 
and the Pacific Region, 1984, 20 pp. 
[3] H. Ma, I. Lee, Materials Science and Engineering C 26, 2012, 721-723.
[4] L. Xie, X. Wang, J. Li, Journal of Structural Biology 169, 2010, 89-94.
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Laboratory, A-2444, Seibersdorf, Austria 
(2)LNS-INFN, Via Santa Sofia 62, 95123, Catania, Italy 
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The requirement for depth sensitive non-destructive analysis is very often imposed when 
archaeological and historical materials with stratified structure need to be characterized. These 
materials might be the intentional result of a particular manufactured process or simply the 
consequence of the alteration of the original surface due to surface enrichment phenomena or 
environmental factors (exposure in burial conditions or/and in atmosphere). Analytical 
methodologies such as confocal X-ray microscopy (CXM) have been developed and applied 
offering depth resolved elemental and speciation analysis up to few hundreds micrometers 
depending on the nature of the investigated material [1]. However, the depth sensitivity of CXM 
is mainly hampered by the technological restraint imposed by the X-ray focusing elements 
performance which can achieve an optimum spatial resolution close to 10 um. Thus, the 
quantitative characterization of surface layers with a thickness of very few tens of micrometers 
remains a challenging task, in particular when the same elements are present in different layers.   
Angular resolved elemental and speciation analysis using synchrotron radiation at grazing 
incidence conditions is a promising analytical methodology for investigating with enhanced 
depth resolution surface layers of few micrometers thickness. The IAEA has recently developed 
a multipurpose end-station facility at the XRF beamline of Elettra Sincrotrone Trieste that offers 
the required degrees of freedom for scanning measurements and precise positioning of the 
sample surface at different incident angles [2]. The present work explores the new possibilities 
for surface characterization of cultural heritage materials that the new experimental facility could 
offer by means of Monte Carlo simulations using the XMI-MSIM package [3]. Different 
examples of samples, commonly encountered in the archaeometrical and conservation research, 
are presented and discussed. 
5HIHUHQFHV
[1] B. Kanngießer, W. Malzer, I. Mantouvalou, D. Sokaras and A. G. Karydas, “A Deep View in Cultural Heritage - 
Confocal Micro X-ray Spectroscopy for Depth Resolved Elemental Analysis”, Appl. Phys. A, 106 (2012) 325–338  
[2] http://www.elettra.trieste.it/lightsources/elettra/elettra-beamlines/microfluorescence/iaea-end-station.html  
[3] T. Schoonjans, L. Vincze , V. A. Solé, M. S. del Rio ,P. Brondeel, G. Silversmit, K. Appel, C. Ferrero, “A
general Monte Carlo simulation of energy dispersive X-ray fluorescence spectrometers — Part 5: Polarized 
radiation, stratified samples, cascade effects, M-lines”, Spectrochimica Acta B’, 70 (2012) 10 
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Comparative study of paint materials in three outdoor Keith Haring works: Pisa, Melbourne 
and Paris murals 
Jacopo La Nasa1, Sibilla Orsini1, Francesca Di Girolamo1, Ilaria Degano1, Francesca Modugno1, Maria Perla
Colombini1,2
1SCIBEC, University of Pisa (Italy), Department of Chemistry and Industrial Chemistry; 2Institute for the
Conservation and Promotion of Cultural Heritage (CNR-ICVBC), Sesto Fiorentino, FI, Italy 
The characterization of the paint materials in three different Keith Haring’s outdoor murals, the Melbourne 
mural (1984), the Necker Hospital's mural in Paris (1987) and the Tuttomondo in Pisa (1989), were 
investigated using pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS). The samples were 
collected in the frame of restoration campaigns, and analyzed in order to identify the materials used by the 
artist, to evaluate the conservation state of the mural, and to provide conservators and restorers with helpful 
information to support the choice of cleaning and protection procedures. The possibility to have access to 
different murals allowed us to compare the paint techniques and to relate them to the state of conservation. 
The survey on Melbourne mural highlights a combination of paint materials deriving from different restoration 
interventions, which include alkyds, vinyl and acrylic resins. In the case of the Paris mural, the pyrolysis 
profiles of paint samples are characterized by the presence of benzene and acetic acid, together with small 
amounts of toluene, styrene, indene and different aromatic compounds. The results are indicative of the 
presence of a vinyl resin. The occurrence of different isomers of the vinyl ester of versatic acid was attributed 
to VeoVaTM. A styrene/n-butylacrylate copolymer was used as paint binder for Tuttomondo. 
TECHNART 2015 POSTER SESSION 2
P2-105
Application of acoustic microscopy to archaeological 
objects documentation: a new perspective 
Georgios Karagiannis(1), Georgios Apostolidis(1), Christos Salpistis(1), Semeli 
Pingiatoglou(2), Aristotelis Mentzos(2), Dimitrios Tsiafis(2), Dimitrios Minasidis(2) 
(1) Ormylia Foundation, Art Diagnosis Center, 63071 Ormylia – Chalkidiki, Greece 
(2) Aristotle University of Thessaloniki, Department of Archaeology 
Acoustic microscopy constitutes a powerful non-destructive testing (NDT) technique which 
provides quantitative structural information of an object of the order of micrometer. This 
technique has been widely used by the industry and the scientific research in fields, such as 
defect identification in electronic components, quality control of composite and of ceramic 
material preparation, and biological cell and tissue investigation. Novel work where acoustic 
microscopy is applied to reveal special features of art objects has been conducted by Ormylia 
Foundation (OF) for a first time in the field. In the same vein, this work aims to introduce 
acoustic microscopy in the field of archaeological excavation objects documentation. The 
operation principle of acoustic microscopy consists of high frequency ultrasonic wave 
transmittance within a spot of a few microns, into the object and, finally, collection of the 
subsequent reflected waves resulting to receiving echoes in the a-scan signal. The echoes are 
produced by the interfaces, that ultrasound waves phase, between the various materials with 
different mechanical properties like the acoustic impedance and velocity. The operating 
frequency of the ultrasonic wave and the acoustic velocities of the existing internal materials 
of the object affect the size of the internal identifiable structures. Furthermore, a set of equally 
spatially sampled measurements in a region of interest (ROI) are incorporated resulting to 
tomographic B-scan and C-scan images of the internal anatomy of the object. As a result of 
these images, roughness measurements, stratigraphic information, structural defects 
identification and reveal of enclosed significant findings are being provided for the under 
study objects at the scale of micrometers. Application of the method was performed to coins, 
mosaic tiles and fractured glass objects, among possible others. A modular, mobilized 
acoustic microscope that is able to conduct measurements not only in a laboratory, but also in 
situ is developed. A set of transducers that covers all the frequency range of importance (50 to 
200MHz) are included, offering the capability of studying a wide range of sizes of structural 
information. The measurements took place in DION excavation aiming to establish acoustic 
microscopy to archaeological objects technical documentation.  
Acknowledgement: This work is supported by the Surgical Excavation project funded by the 
Greek Secretary of Research and Technology. 
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The study of cultural heritage can take advantage of modern non-destructive analysis 
technique able to identify, among the others, the composition of the investigated ancient 
artifacts. In the present paper we applied Raman spectroscopy to analyze selected 
Mesopotamian materials from Kish kept in the Ashmolean Museum of the University of 
Oxford to investigate the pottery technique of that ancient people, with particular reference to 
the painting procedure. Beside the use of hematite and gypsum as red and white  pigment 
respectively, the use of a near infrared laser excitation (1064 nm) allowed us to avoid any 
possible  source of photoluminescence emission and to detect the presence of a specific oil 
applied as a primer  before the painting decoration. The oil, obtained from sterculiaceae and 
malvaceae plants, was traced in particular because of the fingerprint vibration at 1870 cm-1 
which is ascribed to the C=C stretching of the  cyclopropene ring of the sterculic and malvalic 
acids. From the reported experimental results we propose that the oil was applied all over the 
surface of the pottery as a primer before the painting decoration. 
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Micro-Raman spectroscopy is a minimally invasive and useful technique for detecting and 
characterizing dyes used in ancient times. Unfortunately, most of the Raman spectra of these 
colorants, especially the organic ones, show a strong fluorescence background. In order to 
overcome this drawback the Surface-enhanced Raman Scattering (SERS) variant of this 
technique is usually considered by researchers to get information on the sample chemical 
composition, also for analytes occurring at very low 
concentration. Most SERS substrates are rigid or in colloidal 
form, which hinders their use in a direct surface sampling 
configuration.  
We report here on the preparation and SERS activity of novel 
substrates able to extract small amounts of materials from 
surfaces of interest in the cultural heritage field.The substrate 
is based on common sandpaper on which silver nanoparticles 
were deposited by means of Pulsed Laser Deposition (PLD) 
[1]. We tested sandpaper with different roughness (5506 
ranging between 620 and 50 nm, see AFM data in Fig.1). To 
test the SERS activity the surface of pure alizarine- and 
purpurine-covered samples was gently rubbed with the silver-
coated sandpaper pieces obtained by PLD. In Fig.2 we show 
the Raman spectra acquired directly from the sandpaper 
surface after the rubbing procedure. The SERS spectra were 
compared with the normal Raman spectra of the 
corresponding dyes as powder samples. Clear Raman 
signatures were recorded from silver-functionalized 
sandpaper. On the contrary, as expected, a broad fluorescence 
background overwhelms the Raman signal of the dye 
powders. The metallic nanostructured surface is able to 
amplify the Raman signal while quenching the fluorescence. 
The best results were observed using sandpaper with the 
lowest 5506.    
 
[1] D'Andrea C., Neri F., Ossi P.M., Santo N., Trusso S., Nanotechnology, 20, 245606 (2009).
Fig.1 - Sandpaper surface probed by 
AFM (5506=50 nm).
Fig.2- SERS spectra, acquired on 
the surface of the sandpaper, and 
Raman spectra (powder) of alizarin 
d i
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(1) Department of Earth Sciences, Faculty of Science, Kasetsart University, 50 Ngamwongwan Rd., Chatuchak,
Bangkok 10900 Thailand  
The goal of this research is to build a database for the ancient glass beads from U-Thong 
excavation site (Dvaravati Period, 6th to 13th centuries) [1] so that we can compare the 
chemical properties among the ancient glass beads from different sites [2], [3], [4] in order to 
learn about the ancient trading route of those glass beads. The 30 samples and 12 colours
(translucent to opaque and various colours) were collected from U-Thong archaeological site,
Suphanburi Province, Central Thailand. The glass beads were analyzed by the scanning 
electron microscope coupled with energy dispersive X-ray fluorescence spectroscopy (SEM-
EDS), Fourier transform infrared spectrometer (FT-IR) and Atomic Force Microscope 
(AFM). The chemical composition results of some glass beads such as the dark blue bead 
(UT012) contained 2.25 wt% MgO, 90.98 wt% SiO2, 1.26 wt% K2O, 4.17 wt% CaO and 0.59 
wt% CuO. The AFM allowed us to see the glass corrosion in Nano scale at the surface. This 
research can help Thai archaeologists to identify the characteristics of ancient glass bead in 
the Central Thailand. 
Figure 1 the dark blue glass bead (UT012) Figure 2 FT-IR graph of UT012 
Figure 3 The Nano surface of UT012 by AFM
[1] S. Khunsong, A. Indrawooth and S. Natapintu, Journal of the Siam Society 99, 2011, 150-171.  
[2] K. Won-in, Y. Thongkam, T. Kamwanna and P. Dararutana, Journal of Radioanalytical and Nuclear 
Chemistry 294 (2), 2012, 247-250.
[3] K. Won-in, Y. Thongkam, W. Dhammanonda, J. Dutchaneephet, T. Kamwanna, S. Intarasiri, S. 
Tancharakorn, W. Tanthahuch and P. Dararutana, Physics Procedia 48, 2013, 23-29.
[4] M. Garcia-Heras, J. Ma Ricon, A. Jimeno, MA. Villegas, Journal of Archaeological Science 32, 2005, 727-
738.
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Lustre ceramic decoration appeared on the 9th century in Mesopotamia, creating on the
surface of a glazed ceramic a vitreous layer with sub-micron thickness containing metallic 
particles (copper and silver) with a nanometric diameter. The fabrication and use of lustred
ceramics were propagated during the centuries across the Islamic world as far as Spain, to 
lead to the creation of the Italian majolica at the Renaissance period [1,3]. The lustre 
characteristics, like the metallic layer thickness and/or the amount of copper and silver,
changed during the years, according to the production sites an periods, due above all, to 
different recipes developed and diffused all over the world [4]. A deeper understanding of the 
ancient production techniques can be achieved by recreating the process in modern kilns with 
different conditions. With this aim various sets of samples of lustre decorated ceramics were 
obtained varying, on the basis of known ancient recipes [5,6], different parameters as 
thickness of applied lustre layer, metal amount, third firing temperature. Five recipes were 
then used, each one in four slightly different kiln conditions, in order to optimize the lustre 
production. These samples were studied by PIXE and RBS techniques at the AGLAE facility.
The PIXE technique was used to obtain the elemental chemical composition (major, minor 
and trace elements) of glaze layers of each sample. Moreover, a mapping of the lustred 
regions was realized in order to verify the possibility to appreciate the areal concentration of
lustring metals. The RBS analysis was used to measure the thickness of the different metallic 
layers as well as the copper/silver ratio.
[1] A. Caiger-Smith, Lustre Pottery: Technique, Tradition and Innovation in Islam and the Western World 
(Faber and Faber, London, U.K. 1985). 
[2] W.D.Kingery, P.Vandiver, An Islamic Lusterware from Kashan, Ceramic masterpieces: Arts, Structure and 
technology (Free Press, New-York 1986), pp. 111-121.
[3] G. Padeletti, G.M. Ingo, A. Bouquillon, S. Pages-Camagna, M. Aucouturier, S. Roehrs, P. Fermo, First-time 
observation of Mastro Giorgio masterpieces by means of non-destructive techniques, Appl. Physics A , 475–
483 (2006). 
[4] D. Chabanne, M. Aucouturier, A. Bouquillon, E. Darque-Ceretti, S. Makariou, X. Dectot, A. Faÿ-Hallé, D. 
Miroudot, Ceramics with metallic lustre decoration. A detailed knowledge of Islamic productions from 9th 
century until Renaissance, Matériaux and Techniques 100, 1 (2012) 47-68
[5] J. Molera, M. Mesquida, J. Peâ Rez-Arantegui, T. Pradell, M. Vendrell, Lustre Recipes from a Medieval 
Workshop In Paterna, Archaeom. 43 (2001) 455 
[6] T. Pradell, J.Molera, A.D. Smith, A. Climent-Font, M. S. Tite, Technology of Islamic lustre, Jour. Cult. 
Herit. 9 (2008) e123
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Art forgery is substantial issue related to the art market and is especially referred to 
contemporary arts, because new fakes manufactured by forgers are continuously introducing 
into the market. Obviously, this phenomenon has strong effect on prices and reliability of art 
trade. Art fakes can be detected within civil or criminal trial through forensic expertise, which 
should consist of historical and stylistic research, signature analysis and identification of 
materials, i.e. supports, paint layers or varnishes.
The most distinctive part of painting is paint layers, which are composed from pigments, 
binders and additives. Nowadays artists usually utilize paints which are produced by 
companies. So forensic experts during authentication process of contemporary paintings 
should take into account differences in composition between paints detected in questioned 
painting and paints from reliable paintings or artists’ / forgers’ workrooms. Information about 
similarity of the recovered material and the control samples is not sufficient for proper 
interpretation of evidence, because information about the rarity of the determined composition 
of compared paint samples in the relevant population should be provided for data analysis. 
Elemental composition of paints is connected with geological, mining and manufacturing 
processes, which are unique to each manufacturer. Therefore elemental composition can be 
used for solving the comparison and classification problems of paints. Various 
physicochemical methods can be applied to determine elemental composition of paints, such 
as XRF, SEM-EDX, NAA, LA-ICP-MS. 
Research was focused on presently available paints manufactured by two well-known 
producers. Most popular yellow, red, brown and white paints, which were differed by type of 
binder (safflower oil, lindseed oil, acrylic, alkyd, watercolour), were chosen for 
investigations. Pure paint samples were applied to typical linen canvas, paper and plexi-glass 
in order to evaluate influence of substrate. Content of main elements in paints was revealed by 
portable X-Ray Fluorescence. Moreover Laser Ablation – Inductively Coupled Plasma –
Mass Spectrometry was used for the determination of minor and trace elements content.
Possibilities of classification and differentiation for forensic purposes were evaluated. Results 
shows that paints which are produced by different manufacturers differ strongly in elemental 
composition, including major elements. Also substantial differences in elemental composition 
were observed for samples differed by type of the binder. For thick samples elemental 
composition is almost not affected by type of the substrate. Nevertheless, crucial limitations 
were observed for classification of paints, most probably due to substantial differences in 
pigment sources and production processes.
Research was supported by National Science Centre of Poland from funds granted within 
post-doctoral internship based on decision no. DEC-2013/08/S/ST4/00560.
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An enlarged notion of context informs the Unesco Recommendation on Historic Urban 
Landscape (2011), introducing procedures for preserving the quality of urban environments.
Anticipating the rise and degenerate of the degradation processes is a research field strictly
involved with the Unesco approach. Monitoring the changes occurring to built spaces, can
support the mitigation of those transformation processes induced by environmental pressures
on specific elements[1].
An integrated vision of urban heritage, historic layering of cultural and natural values and 
attributes, connotes the commitment of the Laboratory LRRM established within the 
Architecture Department of the University Federico II, in Naples [2]. Since 2002, the Lab has 
been working on methods and procedures for controlling multi scale and multi temporal
processes investing environments. Façade plaster detachment has been for a long time, a field
of research at the LRRM, linking the issues of monitoring to those of predictive maintenance.
The infrared remote sensing, long used in order to evaluate buildings’ performances is here,
adopted, to bind information about the degenerative phenomena with the constructive, 
morphological and dimensional characters, under a contextual perspective [3].
In order to define alert thresholds for technical elements, the LRRM launches in 2002 a
campaign of in situ thermography. According to the already achieved research results, several
neighborhoods are selected as case studies [4]. Among them, special interest has the output of 
the campaigns on the nineteenth-century waterfront of Via Caracciolo (completed in 1869-80,
filling the beach and constructing new buildings). Taking into account the physical and 
historical contiguity between buildings, their exposure to the sea and winds impact, the Lab
comes to a plan of non invasive controls for façades plaster detachment, mediating between 
the costs of relief and the risk of degradation. A recursive approach characterizes the 
investigation procedure (acquisition data campaigns have been launched in 2002, 2011, 2013,
2015), based on a repetition of data acquisitions, for the detection of pathologies along the
buildings life cycle, relating problems due to rainwater penetration and lowering of durability
to façades’ geometric characters and materials’ emissivity properties [5]. The observation of
the related iterated and superimposed effects of decay, informs the scheduling of control 
actions within the maintenance plan, designed at an urban scale, with the aim to prevent an 
overrun of critical performance thresholds for the whole built environment.
Reference
[1] B. Wood, “Approaching the care-free building”, Facilities 21, 2003 (3/4): 74–79.
[2] S. Viola, G. Caterina, “Built heritage maintenance permanent yard for creative cities”, in Sustainable city 
and creativity Promoting Creative urban Initiatives International Conference, Naples 24 – 26 settembre 2008, 
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Napoli Federico II, 2009, Napoli.
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The 3D modeling of archaeological and historical structures with the aim of a restoration 
represents the new frontier in the field of conservation science. Often the sites under study 
present a high level of structural complexity together to complicate geometries, then, the 
crucial point is the accuracy in the creation of 3D models. Great results in this field are 
expected by the use of laser scanner technology. This work wants to be the first step of a 
larger project aimed to recovering the ancient villages of the Grecanic area in the southern 
Calabria. The present study, in particular, is focused on a restoration project of a village, 
Africo (Rc), hit in the past by a flood. The site, located in a mountain area, is not easily 
accessible because of the lack of access routes and the presence, in some points, of a dense 
vegetation. The survey, started from the San Nicola church in the center of the village, was 
performed by using the laser scanner Focus3D (Faro) whosesmall size and weight allow an 
easy portability. Many scans were performed with the aim to cover the whole structure and to 
obtain a reconstruction of the internal and external surface of the church.Obtained point 
clouds were processed by using software Image 5.01 and JRC Reconstructor Software. One of 
the goals of this study is the creation of an interactive area, where 3D models of the ruins 
could be examined and visualized by the public. 
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Consolidation of painting layers on Qin Terracotta by 
electron beam radiation 
Bo Rong (1), Tie Zhou (1), Zhijun Zhang (1) 
(1) The Museum of Terracotta Warriors and Horses of Emperor Qin Shihuang,China 
(2)  
The Terracotta army is one of the most important and well-known cultural heritage sites in 
China. The burial site of Qin shihuang was listed in1987 as a world heritage site by 
UNESCO. All findings of this area are of the artistic and historic highest value. New 
archaeological excavation is still going on. Many important remains had been discovered. 
According to the known archaeological information, all the terra-cotta warriors inside the pits 
were originally painted with color throughout their bodies. The polychrome is very 
realistically and imitates the depicted materials. Studies on the colours and painting materials 
not only help to understand the original impression of the terracotta army, but also are an 
important contribution to the knowledge about antique polychrome sculpture and about the 
history of Qin dynasty. Due to be buried underground, flooding , soaking into waterburned, 
collapse of the pit, and the others different destructions in the history, only a small number of 
warriors survived with their color partially intact. The environmental changes affected the 
color. After they were unearthed, some of the paint raised and peeled off. The sculptures were 
fired at temperatures of 900-1000°C under reduction conditions resulting in a light grey tone 
of the terracotta. Body, head and hands had been produced separately and were jointed 
together after the firing. Then, the terracotta sculptures were painted. The first step was 
covering the complete sculptures with qi lacquer. On top of this, the sculptures were painted 
with inorganic pigments in thick, matt layers. The qi lacquer has been applied in two thin 
layers. The first one mostly is brown and visibly porous, maybe indicating a lower lacquer 
quality. The top layer is dark brown. After excavation from the very humid soil the surfaces 
start to dry out. The lacquer layers shrinks drastically, resulting in detaching from the 
terracotta, formation of cracks and extreme deformation. The final state is the loss of the 
polychrome. The pigment layer either flakes off together with the lacquer or adheres to the 
surrounding soil. The damages caused by drying and shrinking often become visible already 
in the first hours after excavation, sometimes even after few minutes. 
In order to conserve the aged painting layer on the fragment of Qin Terracotta, a new 
consolidated method, based on the monomer penetration and electron beam radiation, was put 
forward. In these years the idea was developed to introduce the consolidate as monomer and 
polymerise it afterwards inside the lacquer. Monomers easily penetrate terracotta, lacquer and 
paint layer. The difficulty was to find a suited method for the polymerisation. After several 
test series, “Plex 6801-3”, a product containing 2-hydroxy ethyl methacrylate (HEMA) and 
cross linkers, hardened by electron beam (EB) irradiation gave the best results. “Plex” was 
designed for the sealing of sewage pipes and is commercially available. We made clear the 
mechanism that peeps off the color layer directly after the excavation of the figure. The 
important step for the conservation of the polychrome of the terracotta sculptures is the 
consolidation of the qi lacquer layers. The treatment has to fulfill two functions: 
1. To exchange the water against a consolidate to prevent the shrinkage of the lacquer
2. To re-establish the adhesion of the Qi lacquer layer to the terracotta
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0LFURVWUXFWXUDOILQJHUSULQWLQJRIDQFLHQW,QGLDQ,URQ	
6WHHOXVLQJ9DULDEOH3UHVVXUH6FDQQLQJ(OHFWURQ
0LFURVFRS\
9DQGDQD6LQJK
National Museum, Janpath, New Delhi-110011, INDIA 
The structural heterogeneity of ancient iron and steel has been a subject of long-standing 
interest to metallurgists and metal conservators, where major concern is about its 
authentication, dating, provenance and understanding of long-term corrosion behavior. This 
research presents the results of  VPSEM on ancient Indian iron and steel artefacts that provide 
valuable insights of microstructural assessment. For this five samples from different 
archaeological sites  of  India (c. 600 BCE-50 CE)  were distinctly analyzed in three different 
localized zones: the iron matrix, the entrapped slag inclusions and the corrosion products. The 
study of all these three zones constitutes the microstructural fingerprints which enable us to 
assess its fabrication technique, corrosion behavior, provenance and authentication of ancient 
Iron and steel artefacts.  
Samples were examined with a VPSEM, model EVO MA10 attached with EDS (make-
OXFORD INCA ENERGY 250 system operated at 20kV and probe current of 400-600 pA 
at suitable magnifications. The samples were examined under variable pressure mode of SEM
where no conducting layer is required on the specimen. VPSEM study revealed features like 
orientation, separation, crust formation and prismatic symmetry of cementite layers which are 
indicative of aging and in turn authenticate the structure of ancient steel as depicted in 
fig.1,fig.2 and fig.3. Moreover, composition and nature of slag inclusions can be used as 
markers to distinguish their provenances. Furthermore, marble-like patterns of magnetite 
carry ‘fingerprints’ of corrosion mechanisms. Thus precise knowledge of these markers could 
help in the micro structural fingerprinting. Using variable pressure mode of SEM enabled us 
to record high quality SEM images with original features on the surface of the specimen even 
at varied atmospheric conditions. Thus, application of  VPSEM greatly enhances the quality 
of results as compared to conventional SEM and provide deep insights on the material 
heterogeneity. It is thus relevant to look for ‘finger-prints’ with VPSEM to provide tracer 
methods for structural assessment. 
.H\ZRUGVAncient Indian iron & steel, VP-SEM/EDS, fingerprinting, slag inclusions 
Fig.1: Showing two-phased slag Fig.2 Showing well organized      Fig.3: Showing morphologies 
inclusion embeded in the                      pearlite colonies with a constant for  worn surface  due to               
iron matrix                          orientation and spacing                  heavy loads                                                              
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Investigating the Preservation State of Parchment with 
Attenuated Total Reflection-Fourier Transform mid-
Infrared Spectroscopy and Micro-Thermal Analysis
Stamatis C. Boyatzis, Ekaterini Malea, Georgia Velivasaki and Anastasia 
Katsidima 
Technological Educational Institute of Athens, Department of Conservation of Antiquities & Works of Art, 
Egaleo 12210, Greece 
Non-destructive analysis of collagenous materials such as parchment, which is quite often 
encountered in archival cultural heritage objects, is often critical regarding the integrity of 
objects as well as the applicability of the chosen methodology. The quality of data acquired 
through molecular spectroscopic techniques is a significant issue; minor changes in collagenous 
materials at the molecular scale, which can be reflected in subtle spectral features, may often 
cause significant alterations at the microscopic, or even at the macroscopic level.  
Within a greater research project aiming at investigating the environmental effects on organic 
materials of natural and cultural heritage, parchment samples were exposed to (a) natural ageing 
in museum environments and (b) artificial ageing incorporating relatively high temperatures
and moisture.
Attenuated Total Reflection-Fourier Transform mid-Infrared (ATR-mFTIR) spectroscopy was 
applied on all sample series: data were averaged over a multitude of surface-scanned spectra 
from selected spots within each sample and were compared to corresponding spectra sets 
recorded on reference, or unaged samples. Moreover, information acquired from all samples
was further compared to that derived through transmission microscopy-mFTIR on thin films of 
gelatin and pure collagen. From acquired spectra, a wealth of information is drawn with tools 
such as spectra subtraction and deconvolution/peak fitting of protein amide I bands. Finally, the 
hydrothermal constants of parchment samples were also measured with the use of a micro-hot 
table to further support the spectroscopy results and to correlate these to the preservation state 
of parchment. 
[1] Brodsky-Doyle, B.; Bendit, E.G.; Blout, E.R., "Infrared Spectroscopy of Collagen and Collagen-Like 
Polypeptides", Biopolymers, 14, (1975) pp. 937-957. 
[2] Mallamace, F., Baglioni, P., Corsaro, C., Chen, S-H., Mallamace, D., Vasi, C., and Stanley, H.-E., The 
influence of water on protein properties, The Journal of Chemical Physics 141, 165104 (2014) 
 [3] Susi, H.; Ard, J.S.; Carroll, R.J.., "Hydration and Denaturation of Collagen as Observed by Infrared 
Spectroscopy", J. Am. Leather Chemists Assoc., 66 (11), (1971) pp. 508-519. 
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+LVWRULFDQGGLDJQRVWLFVXUYH\RIWKH(J\SWLDQPXUDO
SDLQWLQJVFRPLQJIURP,WL¶VWRPE
M. Cardinali(1), T. Cavaleri(1), P. Croveri(1), D. Demonte(1), C. Greco(2), P. 
Triolo(1), B. Moiso(2), A. Piccirillo(1), A. Scarcella(1)
(1) Centro Conservazione e Restauro La Venaria Reale, via XX settembre 18, Venaria Reale (TO), Italy. 
(2) Fondazione Museo delle Antichità Egizie di Torino, via Accademia delle Scienze 6, 10123, Torino. 
Preliminarily to their new exhibition at Museo delle Antichità Egizie di Torino, an important 
series of Egyptian mural paintings coming from Iti’s tomb, dated at First Intermediate Period, 
11th dynasty (2110-1976 b.C.), was fully investigated focusing on historic and conservative 
aspects. 
The conservative intervention planning, entrusted to Fondazione Centro Conservazione e 
Restauro La Venaria Reale, required an in-depth study about execution technique and 
conservative materials and it was carried out by a multidisciplinary approach.  
Artworks underwent multispectral imaging analyses (UVF, NIR, IR-FC), punctual noninvasive 
analyses (FORS, XRF) and analyses on significant stratigraphic samples (OM, FT-IR, SEM-
EDX). The diagnostic campaign became the occasion for knowing not only the authorial 
Egyptian work, but also for discovering and recognizing non original materials, inserted 
throughout their conservative history, as during the “strappo” occurred in 1914 and the first 
restoration intervention by Lucarelli [1], or in following and not documented restoration 
interventions. 
)LJXUHServant with red donkULSSHGZDOOSDLQWLQJIURP,WL¶VWRPELQ*HEHOHLQ69LVLEOHOHIW
DQG89IOXRUHVFHQFHULJKWSKRWRJUDSKV
By crossing archive documentation and specific bibliography with scientific data, and thanks 
to the close-range artworks’ observation carried out by conservators, it was possible to 
hypothesize different restoration or conservative interventions. As an example, on several mural 
paintings of the series, X-ray fluorescence analyses allowed to identify the presence of zinc 
white, a pigment used for repainting and sometimes for integrating lacunae on white areas of 
paints. The zinc white’s distribution is clearly recognizable by the lemon yellow hue in the UV 
fluorescence photograph (figure 1). 
[1] F. Bertelli, E. D’Amicone, L. Vigna, OPD Restauro 25, 2013, pp. 363-376. 
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ĀȀ !"#$%&'() *Ȁ +,"-./00, &'() 1Ȁ +2"/33%&'() 4Ȁ 5/"","/6%&7() *Ȁ +,%$2&')7() 8Ȁ 5,926&:( 
,$; 4Ȁ<#%0/6&=(
ĀĀȀ !"#"$!%&'()'*!#' &)+*'(!$,-*./ !0+1!#-2!3-.4*+(+,)-56!"*-1,/ !'*7!895&')*':(-!".+*+;). !<-=-(+>;-*&6!?)' !
@'1&)1)!7)!@+*&-!8+(-6!A !ABȀCD!E+(+,*'!ĀEF 6!%&'(/
ĀC G*)=-15)&H!7)!E+(+,*'6!8.9+('!7)!J-&&-1-!-!E-*)!K9(&91'()6!=)'!@'1)'*)6!L6!AMȀCȀ!N'=-**'!ĀN$ 6!%&'(/
ĀO !G*)=-15)&'&!P+()&Q.*).'!7-!?'(Q*.)'6 !K';)*+!7- !?-1'6!5R*6!ASBCC!?'(-*.)'6!8>')*
ĀA !G*)=-15)&'&!7-!?'(Q*.)'!6!$=7'T!E('5.+!%:UW-Y6!ȀO6!ASBȀB!?'(-*.)'6!8>')*
4>3/" 3./  /,"3.?#,@/6  3.,3 . ,A/  ,>>/B3/; 3./  CD%0%,EF2D,-$,  "/- %2$ >"2D + , 9 32 G#$/  7H'7) 
%3 I,6 J/">2"D/;  ,  ; %,-$263%B 3/63%$- >2" 3./  B.,",B3/"%K,3%2$ 2> 3./  D,3/"%,06 B2D%$- >"2D 3./  
$2L0/ "22D6 ,$; 3./ /M3/"$,0 02--%, 2> N, 63/002 ;/00/  F2BB./ %$ 5%$,0/ CD%0%,  &O3,09() J,"3%,09 
B200,J6/; ;#"%$- 3./ 6/%6D%B /A/$36) ,%D/;  32 , >#3#"/ "/632",3%2$ 2> 3./ B,630/Ȁ
ĀD,00 >",-D/$36 2> J,%$3/; J0,63/" I /"/  3,@/$ %$ 3./  "22D6 2> 3./  $2L0/ ,J,"3D/$3  &K' ;-1' !
7'((- !' 1;-6 !K' ;-1' !.-1='19; ( P'Q) %$ 2";/"  32 , $,09K/  3./  J%-D/ $36 #6/;  %$ 3./  J%B32"%,0 
;/B2",3%2$ 2> 3./  I ,006Ȁ O$ , ;;%3%2$) "/J"/6/$3,3%A/ D%B"26,DJ0/6  2> D2"3,") L"%B@6 ,$;  B0,9) 
#6/; >2" 3./ B2$63"#B3%2$ 2> 3./ D,%$ 32I/" L,6/ ,$;  3./  >%"63 0/A/0 2> 3./ /M3/"$,0 02--%,) I /"/  
J%B@/; >"2D 3./6/  J ,"36 2> 3./  L#%0;%$-Ȁ R./  6,D J0/6 I /"/  ,$,09 K/ ;  L9 6B,$$%$- / 0/B3"2$ 
D%B"26B2J/ , $;  / 0/B3"2$ D%B"2,$,09 6%6) %$ 2";/"  32 %$A/63%-,3/ 3./  D2"J.202-%B, 0 , 6J/B36 ,$;  
3./  B./D%B,0 B2DJ26%3%2$ > 3./ D,3/"%,06Ȁ
R. /  "/6#036 2L3,%$/; >"2D 3./  , $,096%6 2> 3.26/ 6,D J0/6 2$ I .%B.  . ,A/  L//$  >2#$;/;  3",B/6 2> 
3./  J%-D/$ 36) #6/;  %$ 3./  J%B32"%,0 ; /B2",3%2$6 3.,3  $2I,;, 96 63%00 ; /B2",3/ 3./  I ,006 2> 62D/  
"22D6 2$ 3./  >%"63 >022" 2> 3./  >2"3"/66) . ,A/  L//$  / 6J/B%,009 6%-$%>%B,$3Ȁ O$ J,"3%B#0,") %3 .,A/  
L//$  >2#$;/;  3."//  ;%>>/"/$3 9J /6 2> J%-D/$36S ,  -"//$  2$/)  3. , 3 B2#0; L/ , 6B"%L/ 32 , - "/ / $ 
3/"",T , "/;  6/B2$; 2$/)  3.,3 B2#0; L/ B%$$,L,"T ,$; ,  3.%"; 2$/)  L0,B@) %;/$3%>9 ,6 ,$%D,0 L0,B@ 
2" L0,B@ 3/"", P7QȀ
+2"/2A/")  3./  "/6#036 2L3,%$/; >"2D 6,D J0/6 2> 3./  /M3/"$,0 02--%, 2> 3./  F2BB, 6.2I  
%$3/"/63%$- >/,3#"/6Ȁ O$ >,B3) 3./  D2"J.2 02-%B,0 ,$,09 6%6 L9 ĀC+  ,$;  /0/B3"2$ D%B"2,$,096%6 
.,A/  "/A/,0/;  3./  J"/6/$B/  2> 02$-E6. ,J/;  #$%B/00#0," 2"-,$%6D6 B,00/; ;%,32D6) I . %B.  , "/  
B.,",B3/"%K/; L9 ,  D/ DL",$/  &>"#63#0/() >2"D/;  L9 J /B3%B 6#L63,$B/6 63"2$-09 %DJ"/-$,3/;  
I%3. 6%0%B, P:QȀ R./  J"/6/$B/  2> 3.%6 J.9 32J0,$@32$ %$ 3./  D,3/ "%,06 #6/;  %$ 3./  B2$63"#B3%2$ > 
N,63/002 ;/00/  F2BB./ B2#0; L/  "/0,3/;  32 ,$  .%-.  , D2#$3 2> .#D %;%39) ;#/  32 3./  U,$,"2  "%A/") 
I.%B.  L"#6./; V#63 3./ $2"3. 6%;/ 2> 3./ L#%0;%$- #$3%0 3./ /$; 2> WOW B/$3#"9Ȁ
R./  ;,3,  B200/B3/; ;#"%$- 3./  B2-$%3%A/ ,$;  ;%,-$263%B "/ 6/,"B. /6  . ,A/  ,002I/;  ,  ;//J/"  
@$2I0/;-/  2> 3./  D, 3/"%,06 / DJ029/ ;  %$ 3./  63#;%/; . %632"%B,0 L#%0;%$-) J"2A%;%$- / 66/$3%,0 
%$>2"D,3%2$ >2" ,$ /A/$3#,0 >#3#"/ %$3/"A/$3%2$ 2> "/632",3%2$ , ; B2$6/"A,3%2$Ȁ
P' Q N4 1XY14 FO +Ȁ) JZ':)&'&+!- !(- !1+..4- !7)![ )*'(- !7'( !\ %?!' (!\?%!5-.+(+]!)(!. +*&1):9&+!7-((- !0+*&)!5.1)&&-) %$ 
J-!N+..4- !7)![)*'(-!";)()'!)*!-&H!-5&-*5-!Ā5-.+()!\%? \^ ?% ) 5%$,0/ CD%0%,) 7HHZ) JJȀ 7[E\HȀ
P7Q +Y]R4*]4  *Ȁ) %!>),;-*&)T!P1+*&9'1)+!>-1!(Z'1&-!-!)(!1-5&'91+) 5%"/$K/ ) 'ZZ:Ȁ
P: Q ĀRȀ N14 OF  1Ȁ) + 4 F^  FȀ_ Ȁ &/ ; 6() E)+7-&-1)+1'&)+*!+0!8&+*-!8910'.-5T!J).4-*5 !'*7 !E)+0)(;5!'5 !_ -' &4-1)*,!
$,-*&5!+0!N+.`5!'*7!K9(&91'(!a-1)&',-) %$ ĀJ"%$-/"  ĀB%/$B/`!#6%$/66 +/;%,  _2";"/B.3)  Ā/,I,";)  7HH=Ȁ
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ĀȀ !"##"$%&Ȁ'($&')$%&*Ȁ&#&(+&$% ',Ȁ
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M. Manso(1, 2), J.L.Figueirinhas(3), S. Pessanha(1), M. Guerra(1), J. P. Santos(1) and 
M. L. Carvalho(1)
(1) Laboratório de Instrumentação, Engenharia Biomédica e Física da Radiação (LIBPhys-UNL), 
Departamento de Física, Faculdade de Ciências e Tecnologias, Universidade Nova de Lisboa, 2829-516 Monte 
da Caparica, Portugal 
(2) Faculdade de Belas-Artes da Universidade de Lisboa, Largo da Academia Nacional de Belas-Artes, 1249-
058 Lisboa, Portugal 
(3) Departamento de Física e  CeFEMA, Instituto Superior Técnico, Universidade de Lisboa, Av. 
Rovisco Pais 1, 1049-001, Lisboa, Portugal 
A set of five manuscripts written by sister Lucia between 1941 and 1944 were under study. 
Among them is the one revealing the 3rd secret of Fatima.  
In this work, a complete characterization of the paper and the ink used in these documents 
was achieved using Energy Dispersive X ray Fluorescence spectrometry.   
Quantitative results were obtained for minor (S, Cl, K, Ca, Fe) and trace (Ti, Mn, Cr, Cu, Zn, 
As, Rb, Sr and Pb) elements, revealing different paper’s compositions.
Chemical mappings of the written text allowed to conclude that the same zinc based ink has 
been used in the five documents and that the manuscript of 3rd secret is untouched, without 
any alterations or changes to the original manuscript (Fig. 1).  
The achieved results are of extreme importance for the authentication of the document 
revealing the 3rd secret of Fatima preventing future forgeries [1]. 
 
 
Fig. 1. Zinc distribution in a selected area of the document revealing the 3rd secret of Fatima. 
[1] M. Manso, and M. L. Carvalho, J. Anal. At. Spectrom. 22 (2007) 164–170. 
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1RYHOVDPSOLQJVWUDWHJLHVIRUWUDFHHOHPHQWTXDQWLILFDWLRQ
LQDUFKDHRORJLFDODUWLIDFWV
 
Debora Käser(1), Marcel Burger(1), Reto Glaus(1,2), Vera Hubert(3), Samuel van 
Willigen(3), Marie Wörle-Soares(3), Heinz Berke(4), Qinglin Ma(5),
Detlef Günther(1)
(1)ETH Zürich, Laboratory of Inorganic Chemistry, Vladimir-Prelog-Weg 1, CH-8093 Zürich, Switzerland 
(2)Federal Institute for Material Research and Testing, Richard-Willstätter-Strasse 11, 12489 Berlin, Germany
(3)Swiss National Museum, Sammlungszentrum, Lindenmoosstrasse 1, CH-8910 Affoltern a. Albis, Switzerland 
(4)Institute of Inorganic Chemistry, University of Zürich, Winterthurerstrasse 190, CH-8057 Zürich, Switzerland 
(5)Chinese Academy of Cultural Heritage, Gao Yuan Street No. 2, 100029 Beijing, P.R. C hina 
Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) is a versatile, 
quasi-nondestructive technique for elemental and isotopic analysis of solid samples. It allows 
for quantification of major, minor and trace element concentrations with no or minimal 
sample preparation. In order to make large or immovable objects (e.g. archaeological 
artifacts) accessible to LA-ICP-MS, it is desirable to allow the sampling process outside the 
laboratory or to develop a strategy that allows the analysis of solids independent of size and 
geometry of an ablation cell. To access poorly absorbing objects, a sufficiently high fluence at 
the ablation site has to be provided. 
This work establishes an analytical method for the determination of trace element 
concentrations in neolithic copper artifacts and ancient Chinese ceramics, which would not be 
accessible via conventional LA-ICP-MS setup. Additionally, a strategy how to sample highly 
transparent materials like jade and porcelain was evaluated.
The new concept is based on laser ablation under ambient atmospheric conditions with a 
portable nanosecond laser device (pLA, λ=532 nm) [1]. The generated aerosol is either 
directly guided into the ICP via a gas exchange device (GED) or collected on polycarbonate 
membrane filters that can be subsequently analyzed with laboratory based ns-LA-ICP-MS 
(λ=213 nm). The use of an external standard allows for trace element quantification in both 
cases. 
Both analytical approaches were used to quantify trace element concentrations in various 
copper reference materials. The laboratory based, but ablation cell independent pLA-GED-
ICP-MS analysis yielded results comparable to those obtained via conventional LA-ICP-MS 
setup (±10%). Good performances (±30%) were also obtained with the offline laser ablation 
sampling approach. Although more accurate results and lower limits of detection can be 
reached when an online-LA-ICP-MS setup is used. The offline laser ablation sampling and 
subsequent LA-ICP-MS analysis is most promising for trace element quantification in objects 
that cannot be transported to the laboratory. Following their characterization, these two 
approaches were applied to quantify trace element concentrations in archaeological artifacts. 
Improvements of instrumental parameters contributing to the broader applicability of the 
setup will be discussed on selected applications.  
[1] R.Glaus, J.Koch, D.Günther, Analytical Chemistry 84(12), 2012, 5358-5364 
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Degradation of Cd-yellow Paints: an ab initio study of the 
adsorption of water and oxygen on CdS {10.0} surface 
Laura Giacopetti(1) and Alessandra Satta(2)
(1) CNR-IOM UOS Cagliari and Dipartimento di Fisica, Università di Cagliari, Monserrato (CA), Italy.  
(2) CNR-IOM UOS Cagliari, c/o Dipartimento di Fisica, Università di Cagliari, Monserrato (CA), Italy. 
The cadmium yellow paints (CdS) used in impressionist and modernist paintings in early 
1900s are undergoing several deterioration processes including whitening and discoloration. 
A relevant effect produced at the surface of the paintings is the growth of discolored crusts 
formed mainly by white globular hydrated cadmium sulfate (CdSO4*nH2O) and cadmium
carbonate (CdCO3). Recent studies ascribe to an initial photo-oxidation process of CdS the 
input for the formation of such whitish compounds. Despite the large number of experimental 
studies on altered yellow paints, the origins and roles of these compounds remain unclear. In 
fact, in the syntheses of CdS, reagents such as CdCO3 and CdSO4 are employed both in the 
dry and wet process and their identification alone does not constitute conclusive proof of 
photo-oxidation[1,2]. Also, structural defects in CdS may play a role in the pigment alteration 
process [3].
In order to understand the oxidation and hydration mechanisms of the whitish globules, at 
atomic level, we present a theoretical study of points defects, namely Cd- and S- vacancies, 
both in the bulk and in the hexagonal  non-polar {10.0} surface. The interaction between the 
{10.0} defective surface of CdS and O2 and H2O molecules is then studied to simulate the 
combined effects of exposure to air and humidity. To this end the surface of CdS containing 
Cd- and S- vacancies was simulated according to the slab geometry and was next covered by 
oxygen, a water molecule and a combination of O2 + H2O. More specifically, we determined 
the favorite adsorption sites and calculated the adsorption energies of the different molecules 
on top of the surface. The details of the electronic structure are given via the bonding charge 
analysis along with a thorough description of the geometry. For this purpose, we adopted a 
first principles method within the framework of the Density Functional Theory (DFT) in the 
Generalized Gradient Approximation (GGA-PBE) with the use of ultrasoft pseudopotentials 
as implemented in the quantum-ESPRESSO package [4]. 

[1] J. L. Mass, R. Opila, B. Buckley, M. Cotte, J. Church, A. Mehta, Appl Phys A (111), 2013, 59-68 
[2] G. Van der Snickt, J. Dik, M.Cotte, K. Janssens, J. Jaroszewicz, W. De Nolf, J. Groenewegen, L. Van der 
Loeff, Anal. Chem (81), 2009, 2600-2610 
[3] Cesaratto A. ,C. D’Andrea, et al., Anal. Methods (6), 2014, 130–138 
[4] P. Giannozzi . et al., Journal of Physics: Condensed Matter (21), 2009, 395502,  www.quantum-espresso.org 
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Amani Christiana Saint(1), Eleni Cheilakou(1), Vasiliki Dritsa(1), Maria Koui(1)
(1) Department of Materials Science and Engineering, NDT Lab, School of Chemical Engineering, 
National Technical University of Athens, 9 Iroon Polytechniou Street, 15870, Zografou, Athens, Greece 
Katerina Kostanti(2), Alexandra Christopoulou(2)
 (2) National Archaeological Museum of Athens, 44 Patission Street, 10682, Athens, Greece 
The present research work aims at the non-invasive identification of pigments on 
archaeological works of art of different origins and historic periods by means of a combined 
analytical methodology involving portable X-Ray Fluorescence (XRF) and VIS-NIR Fiber 
Optics Diffuse Reflectance Spectroscopy (FORS) techniques. The artifacts investigated are 
today exhibited in the National Archaeological Museum of Athens and include the wall 
painting known as the “Mykenaia” or the “Mycenaean Lady” (13th c. BC) originated from the 
Acropolis of Mycenae, the Aegean wall painting known as “The Spring Fresco” (17th c. BC) 
originated from the Acrotiri on Thera, Cyclades, and the “Small Herculaneum Woman” 
marble statue (2nd c. BC) with existing traces of polychromy originated from Delos, Cyclades. 
Their great archaeological and artistic value did not allow any sampling or micro-sampling, 
therefore settling the need of a strictly non-invasive examination. 
For this purpose, in-situ measurements were performed on almost all color impressions 
appearing on the above artworks using portable XRF and VIS-NIR FORS techniques, for the 
determination of the chemical elemental composition and the reflectance spectral 
characteristics of the pigments. The results obtained allowed the characterisation of pigments 
through evidence of their key-chemical elements and by comparing the acquired diffuse 
reflectance spectra with a suitable reference pigments spectral database developed in the NDT 
lab. Pigments identified were red (hematite) and yellow (goethite) ochre, egyptian blue, 
glaucophane from the amphibole group and red madder. [1, 2, 3] 
The results obtained from this work confirmed the effectiveness of the combined use of XRF 
and FORS spectroscopic techniques for the in-situ pigments' characterization, offering key 
advantages such as instrument mobility and quick data collection and interpretation which are 
of utmost significance in the field of research in archaeology. 
[1] E. Cheilakou, M. Troullinos, M. Koui, Identification of pigments on Byzantine wall paintings from Crete 
(14th century AD) using non-invasive Fiber Optics Diffuse Reflectance Spectroscopy (FORS), Journal of 
Archaeological Science 41, 2014, 541-555
[2] E. Cheilakou, M. Kartsonaki, M. Koui, P. Callet, A nondestructive study of the identification of pigments on 
monuments by colorimetry, International Journal of Microstructure and Materials Properties (IJMMP) 4 (1),
2009, 112-127
[3] E. Cheilakou, V. Dritsa, A. Saint, P. Theodorakeas, M. Koui, Non-invasive identification of pigments on 
Mycenaen wallpaintings (14th-12th century BC) from the archaeological sites of Mycenae and Tiryns, 
Peloponesse, in Proc. Of the 9th International Symposium on the Conservation of Monuments in the 
Mediterranean Basin, Ankara, Turkey (in press), 2014 
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 Investigation the glaze deterioration process in 
Achaemenid glazed bricks of Susa 
Soodabeh Yousefnejad (1) 
(1) Tehran university of Art, Iran 
 
 
In this research the glaze degradation process in Achaemenid polychrome glazed bricks 
samples of Susa has been studied by scanning electron microscopy and micro analysis SEM-
EDS. The investigation of deteriorated surface accompanying the microanalysis of weathered 
glaze and determining the amount of different ions such as Al,Fe,Ca,Si in two points of glaze 
shows the ion exchange process in the glaze layer during thousands of years , determining the 
degradation process and studding the causes of it can help the conservation planning of this 
glazed bricks. 
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Irina Balakhnina(1), Nikolay Brandt (1), Andrey Chikishev(1),  
and Natalia Rebrikova(2)
(1) Physics Department and International Laser Center, Moscow State University, 
Leniniskie gory, 1/2, 119991, Moscow, Russia
(2) State Research Institute for Restoration, Gastello str., 44, 107114, Moscow, Russia
The interest in diagnostics of old papers has been driven by development of methods for 
restoration and conservation of objects of cultural heritage. Restoration procedures must be 
based on comprehensive data, including composition of samples (type of cellulose, fillers, 
sizing agents, paints, etc.). Such results are also important for dating. Additional components
are usually defined with the help of chemical methods that are destructive for the cellulose. 
Vibrational spectroscopy can be used as a non-destructive method. However, the spectrum of 
paper mainly consists of cellulose bands and additional components are non-detectable 
because the content of cellulose fibers is approximately 90%.
We propose to use laser ablation for extracting paper components and to employ Raman
microspectroscopy for nondestructive identification of ablated particles. Raman
microspectroscopy allows measurements with a spatial resolution of about 1 µm, which is less 
than typical diameter of cellulose fibers (about 10 µm).
The ablation experiments are performed using the second-harmonic radiation of the Nd:YAG 
laser with a pulse duration of 10 ns, repetition rate of 10 Hz, and pulse energy of up to 
180 mJ. The diameter of the laser spot on the sample is 6 mm, the corresponding pulse 
intensity is about 60 MW/cm2, and the fluence 0.64 J/cm2. The sample is shifted along the 
horizontal direction at 0.3 mm/s to avoid thermal damage. Ablated partials are collected on 
the BaF2 plate.
The ablated products of five paper samples that differ by composition and production dates 
are studied using Raman microspectroscopy. The identification is based on measured Raman 
spectra of reference substances and Raman databases. Cellulose, protein, calcite, titanium 
dioxide (anatase, rutile, and brookite), quartz, lazurite, bonattite, and dolomite are identified 
as ablation products. The results are used to discuss possible reasons for a decrease in 
discoloration of old paper samples owing to laser irradiation.
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“Losanga-style” Imitations of Italic Late Republican black gloss tableware from 
South-Western Iberia: a multianalytical/microchemical characterization 
Nick Schiavon1, Vincenzo Soria2, Ana Margarida Arruda2, Massimo Beltrame1,
José Mirão1
1Hercules Laboratory, University of Évora, Évora, Portugal 
2UNIARQ, Centro de Arqueologia, University of Lisbon, Lisbon, Portugal 
Abstract
The micro-chemical/mineralogical composition of samples of grey paste imitations of 
Italic Late Republican (2nd-1rst century BC) black gloss tableware from Portuguese 
and Spanish (Andalusia) sites in SW Iberia have been analyzed by BSEM +EDS, 
μXRD, μRaman Spectroscopy. The samples analyzed belong to the so-called 
“Losanga-style” typology, a special production of high socio-historical significance 
[1]. The craft imitative phenomenon during the Late Republican period in the 
provincial contexts is supposed to be the consequence of processes driving imports of 
exogenous goods stored in amphorae [2]. Similarly, the growth of tableware imitation 
is due to the imports of Italic black gloss tableware during the last two centuries 
before the Common Era. Furthermore, it is worth noting that the Roman presence in 
South-Western Iberia promoted people movement and technologic transfer: losanga-
style decoration spreading provide clues to focus on these aspects. The micro-
analytical  approach adopted in this study has proved as an useful and fast tool in 
confirming archaeological evidence pointing to the Guadalquivir valley as the most 
probable region where the  ceramic had been locally produced. 
[1] PEDRONI, L. (2001): Ceramica calena a vernice nera. Produzione e diffusione.  
Petruzzi, editore  Naples 
[2] SÁEZ, R. A. M. (2008). La producción cerámica en Gadir en época tardopúnica 
(siglos - III. Oxford, England: J. and E. Hedges. 
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(DUO\%DURTXHRUWKRGR[LFRQSDLQWLQJDQGGHFRUDWLYH
WHFKQLTXHVRIWKH5R\DOGRRUE\'LPLWULMH%DþHYLü
GRFXPHQWHGE\PHDQVRI(';5)DQGFRQVHUYDWLRQ
DQDO\VLV
Velibor Andrić(1), Maja Gajić-Kvaščev(1)*, Daniela Korolija Crkvenjakov(2),
Magdalena Stoyanova(3) and Stefano Ridlofi(4)
(1) University of Belgrade, Vinca Institute of Nuclear Sciences, M. P. Alasa 12-14, Belgrade, Serbia
(2) Gallery of Marica srpska, Trg galerija 1, Novi Sad, Serbia
(3) CISBI - Ca' Foscari, Venice, Castello 1029/A, Venezia, Italy
(4) Ars Mensurae, Via Vincenzo Comparini 101, Rome, Italy
The Royal door (painted in 1767 for the iconostasis of the Šišatovac monastery, Serbia) is 
attributed to the workshop of Dimitrije Bačević. Icon painting in Slavic countries in the 
second half of the 18th century was strongly influenced by the Russian Orthodox Church and 
painters coming from the spiritual and painting academy in Kiev, characterized by changes in 
stylistic, as well as in technical aspects. The painted scene is surrounded by a wood-carved 
frame, decorated with gold and silver leaf. During the old restoration, the frame was over 
painted and only the recent conservation revealed the original layers. The study was 
completed by further analysis to determine the pigments used by the painter. 
Non-invasive EDXRF spectroscopy was performed at the Gallery of Matica srpska in Novi 
Sad, Serbia, using portable instrument developed at the Institute for Nuclear Sciences in 
Belgrade. The results showed the use of traditional pigments: lead white, different types of 
ochre, cinnabar, copper green, umber, Prussian blue as well as the decoration with gold
applied by a brush. The wood-carved frame is covered with the combination of burnished 
water gilding and silver leaf. The remains of green glaze over silver leaf were documented 
during the removal of the over-painting.
The results showed that the painting and decorative techniques of the Bačević’s Royal door 
were in concordance with modern practice in Serbian religious painting in the second half of 
the 18th century, defined as early Baroque style. 
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Satellite radar for detection of archaeological marks along 
the Silk Road 
Nicola Masini (1), Fulong Chen (2), Rosa Lasaponara (1) and Ruixia Yang (2) 
(1) CNR-IBAM, C.da S. Loya 85050 Tito Scalo (PZ), Italy 
 (2) Key Laboratory of Digital Earth Science, Institute of Remote Sensing and Digital Earth, Chinese Academy 
of Sciences, No. 9 Dengzhuang South Road, Haidian District, Beijing 100094, China 
The development of Synthetic Aperture Radar (SAR) technology made possible its 
application also in the field of cultural heritage and archaeological research [1]. Approaches 
based on the processing of single images and multitemporal data have been used for a number 
of archaeological sites, exploiting more the backscattering rather than the penetration 
capability of radar data. [2-5] 
Nevertheless, the capability of this technology for archaeological applications has so far not 
been fully assessed. To this aim, a research activity has been starting for the evaluation of 
different satellite SAR data (including X-band TerraSAR, Cosmo SkyMed, C-band Envisat 
and L-band ALOS PALSAR) by using a multimode approach (multi-band, temporal, 
resolution) for archaeological applications. 
This activity falls within the context of a project of Great relevance Italy-China “Smart 
management of cultural heritage sites in Italy and China: Earth Observation and pilot 
projects”. 
The study area includes some segments of the Silk Road, which is a series of trade and 
cultural transmission routes connecting China to Europe, along which a number of lost or 
buried settlements and roads are thought to be uncovered. 
In particular, the assessment has been performed in the Xinjiang and Gansu section of the Silk 
Road. The paper shows the first results aimed et assessing the subsurface penetration 
capability of SAR data in the arid and semi-arid region and sensitivity of SAR imaging 
geometry for the detection of relics. 
 [1] Lasaponara R., Masini N. 2013, Satellite Synthetic Aperture Radar in Archaeology and Cultural Landscape: 
An Overview. Archaeological Prospection, 20, 71-78, doi: 10.1002/arp.1452 
[2] Chen F., Masini N., Yang R., Milillo P., Feng D., Lasaponara R., 2015 A Space View of Radar 
Archaeological Marks: First Applications of COSMO-SkyMed X-Band Data. Remote Sens. 2015, 7, 24-50; 
doi:10.3390/rs70100024. 
[3] Cigna, F.; Tapete, D.; Lasaponara, R.; Masini, N. Amplitude change detection with Envisat ASAR to image 
the cultural landscape of the Nasca region, Peru. Archaeological Prospection 2013, 20, 117-131 
[4] Stewart C., Di Iorio A., Schiavon G., Analysis of the utility of Cosmo Skymed stripmap to detect buried 
archaeological features in the region of Rome. Experimental component of WHERE project. In Lasaponara R., 
Masini N., Biscione M. (Eds), Earth Observation and Social Perspectives. Towards Horizon 2020. Proceedings 
of the 33rd EARSeL Symposium. Matera (Italy), 3-6 June 2013. EARSeL and CNR publisher, 2013, pp. 203-
212, ISBN 978-88-89693-34-6 
[5] Tapete D., Cigna F., Masini N., Lasaponara R. 2013. Prospection and monitoring of the archaeological 
heritage of Nasca, Peru, with ENVISAT ASAR, Archaeological Prospection, 20, 133-147, doi: 
10.1002/arp.1449. 
[6] Chen, F.; Gabellone, F.; Lasaponara, R.; Leucci, G.; Masini, N.; Yang, R. Remote Sensing and ICT for 
Cultural Heritage from European and Chinese Perspectives. Series "Along Silk Road", 1, Publishers CNR-
IBAM, CNR-IMAA and CAS, Potenza, 2013, ISBN 9788889693230 
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N. ZACHARIAS(1), and G. P. MASTROTHEODOROS(2,3),
(1) Department of History, Archaeology and Cultural Resources Management,  
University of the Peloponnese, 24100 Kalamata, Greece. zacharias@uop.gr
(2) Department of Materials Science and Engineering, Universtiy of Ioannina,45110,  Ioannina, Greece. 
gmastro@uoi.gr 
(3) Laboratory of Archaeometry, Institute of Nanoscience and Nanotechnology, N.C.S.R. Demokritos, 15 310 
Agia Paraskevi, Attiki, Greece.
Black-glazed pottery was widely distributed in the Mediterranean basin from as early as 
the 5th millennium BC. Ancient potters were able to achieve high gloss, black glazes by a single 
–but multistage- firing of especially manipulated iron and alkali-rich clays. During the Archaic
and Classical periods (mid 6th - 4th centuries B.C.) Greek craftsmen experienced the so-called 
‘Iron Reduction Technique’ achieving a technical and aesthetic milestone by producing 
thousands of the well-known black and red-figured vases [1], [2]. From the Roman Era onwards, 
the technique was gradually abandoned as high-lead glazes took its place. Nevertheless, through 
detailed studies of ancient pottery samples and reproduction experiments, the ancient technique 
has quite recently been revealed, and modern replicas are nowadays routinely produced and 
disseminated for educational and commercial purposes [4].  
In this study, ten archaic and four modern replica samples have been studied by means 
of SEM-EDS and XRF techniques. Focusing beyond standard compositional bulk studies [3],
the in-depth distributions of various elements were examined in order to reveal possibly 
compositional trends among ancient and modern glazes based on the effects introduced during 
the burial, archaeological time. Indeed, it was observed that major compositional elements such 
as aluminum, silicon and potassium exhibit significant variations in the profiles of the 
archaeological samples’ glazes; these trends can be linked to the effects of long-term 
weathering processes in contrast to the results of artificial ageing practices on modern 
reproductions. More specifically, the same elements are distributed more or less evenly in the 
replicas, indicating thus that although artificial ageing affects surface characteristics, it seems 
that it does not greatly alter the intrinsic composition of the glazes. 
The paper will demonstrate the compositional and micro-topography data of the study 
and will propose the physicochemical mechanisms behind the effects observed. Furthermore, 
the study aims at providing an accessible, comprehensive and totally non destructive, analytical 
protocol for successful authenticity tests of archaeological versus modern replicas.  
[1] Tite, M.S., Bimson, M., and Freestone, I.C. (1982) An Examination of the High Gloss Surface Finishes on 
Greek Attic and Roman Samian Wares, Archaeometry, 24: 117-26 (1982). 
[2] Maniatis, Y., Aloupi, E. and Stalios, A.D. (1993) New Evidence for the Nature of Attic Black Gloss, 
Archaeometry, 35: 23 –34.
[3] Mirti, P., Perardi, A. and Gulmini, M. (2006) A Scientiﬁc Investigation on the Provenance and Technology of 
a Black-Figure Amphora Attributed to the Priam Group, Archaeometry 48[1]: 31-43.  
[4] Aloupi-Siotis, A. (2008) Recovery and Revival of Attic Vase-Decoration Techniques: What Can They Oơer 
on Archaeological Research, 113-28 in Papers on Special Techniques in Athenian Vases, Edited by K. Lapatin. 
The J. Paul Getty Museum, Los Angeles, CA. 
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A selective paper artwork cleaning process 
using modified Gellan hydrogel  
C. Mazzuca*a, L. Micheli*a, E. Cervellia, G. Petrellaa, C. Cristinia, S. Iannuccellib, S. 
Sotgiub, A. Palleschia, G. Palleschia. 
aDipartimento di Scienze e Tecnologie Chimiche, Università degli studi di Roma “Tor Vergata”, 
Via della ricerca Scientifica snc – 00133 Rome, Italy 
bLaboratorio di restauro ICRCPAL, Ministero per i Beni e le Attività Culturali, Via Milano 76 - 
00184 Rome, Italy 
Paper manuscripts are among the most valuable historical artifacts, but they are also very  fragile.
Furthermore, they were often strengthened by gluing external materials (like wooden or cardboard 
lining paper) to the original piece and the used glue underwent to structural transformations that 
accelerates the degradation processes of the artwork itself.  
 Wet cleaning is one of the most important and critical steps in a paper artwork restoration 
process, and in the last years innovative cleaning methodologies have been proposed based on 
application of suitable hydrogels. Unfortunately often, to remove contaminants from paper 
artworks like glues or  hydrophobic  material components, additional specific procedures are 
required. 
In this work we present innovative multi-component materials able to remove in a single, simple 
and not invasive treatment, specific contaminants from paper artworks. The materials are based on 
rigid Gellan hydrogel; after investigating the cleaning ability of the Gellan gel “per se”, indeed, we 
also evaluated the possibility of using Gellan gel as a carrier of tuned cleaning agent.  More in 
detail, Gellan hydrogel carrying alpha-amylase or proteinase K enzymes has been applied on 
several paper samples  to remove starch paste or animal glues respectively. In this system, the 
enzyme works as selective cleaning agent, hydrolyzing not easily removable glues into smaller 
fragments soluble into the gel, which, in turn, plays the role of support and removal matrix for the 
enzymatic products. Finally, Gellan gel could be a not suitable agent to remove hydrophobic 
contaminants, due to its hydrophilic nature; to this end, we performed preliminary experiments by 
preparing a “mixed Gellan gel” carrying opportune polimeric surfactants.To assess the 
effectiveness and safety of the proposed cleaning method on the several samples under examination,
we have employed a multitechnique approach, using high-performance liquid chromatography 
(HPLC), Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and 
pH measurements. 
* they contribute equally to the work 
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A multi-analytical microchemical approach for 18th and 
19th century pottery provenance studies in Sardinia (Italy) 
N. Schiavon (1), A. Brunetti (2,3), M. Milanese (3,4), S. Enzo (5)
1Hercules Laboratory, Latgo Marques de Marialva 8, University of Evora, 7000-809 Evora - Portugal 
2Dipartimento di Scienze Politiche, Scienze della Comunicazione, Ingegneria dell’Informazione, Università di 
Sassari, Italy 
3CIRTEBEC, Università di Sassari, Italy 
4Dipartimento di Storia, Scienze dell'Uomo e della Formazione, Università di Sassari, Italy5Dipartimento di 
Chimica e Farmacia, Università di Sassari, Italy. 
The recent development of post-medieval archeology in Italy over the last 20 years has 
highlighted the need to characterize archaeometrical aspects of the main types of pottery 
objects that have had a wide circulation throughout the Mediterranean between the sixteenth 
and nineteenth centuries. A particular typology of glazed ceramic believed to have been 
produced in Sicily at Patti (Messina), from the middle of eighteenth to early nineteenth 
century has been found in a variety of archaeological contexts in the Tyrrhenian Sea, from 
Liguria and Sardinia, but also in Malta. Aim of the current study is to carry out for the first 
time a detailed multi analytical archaeometric characterization of scrap pottery fragments 
from Marina di Patti and other ceramic artifacts found in different sites of Sardinia, with a 
view to verify the chemical compatibility of the pottery materials. The approach used here is 
based on several techniques: XRF, XRD, IR as well as on petrographic sections by OM. A 
complete fingerprint of each sample analyzed has been obtained. The preliminary results of 
this ongoing investigation are discussed here (fig. 1).

Fig. 1. BSEM + EDS point and linescan analyses indicate the presence of a silica-lead glaze. The widespread 
presence of flaws, i.e. cracks (“crazing” ) and bubbles in the glaze and its patchy nature suggest a 
wrong firing temperature
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Reversibility of cyanotypes colour change
Languille Marie-Angélique(1), Garnier Chantal(1), Gervais Claire(2)
(1) Centre de Recherche sur la Conservation, USR3224 CNRS/MNHN/MCC, CP21, 36 rue Geoffroy-Saint-
Hilaire, 75005 Paris, France
(2) Bern University of the Arts, Fellerstrasse 11, CH-3027 Bern, Switzerland 
Cyanotype is a photographic process invented in 1842 by the scientist John Herschel. From 
1843, the botanist Anna Atkins used cyanotype process to produce her famous albums of 
botanical photograms. Other photographers took on this process, as Eadweard Muybridge for 
his study of the locomotion with chronophotography, or the pictorialist Paul Haviland who 
appreciated it for photographing his model Florence Peterson.
The conservation of cyanotypes is problematic, especially concerning the appropriate 
environmental conditions for their display in exhibitions. Various factors are known to fade 
cyanotypes, among which light and anoxia [1,2]. This fading is also admitted to be fully 
reversible by air in the dark, even though there has not been extensive study on it. 
The object of this research is to estimate the reversibility of the cyanotype colour change.  
Cyanotypes were prepared with different cellulose/lignin ratios and sized and non-sized paper 
supports, according to five historical and modern recipes  [1]. They were submitted to cycles 
of light artificial aging and dark storage, in two relative humidities. 
The relative influence of light and relative humidity in the colour change of various 
cyanotypes will be discussed based on optical spectroscopy (reflectance UV-Vis) and 
physico-chemical measurements (H2O sorption, FTIR-ATR, EDX).
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Figure 1 (a) Color difference (E*) as a function of light aging and dark storage time at 50% RH, for two papers 
and two recipes; (b) Reflectance spectra before aging, after light aging and after dark storage in air for one recipe 
on one paper support. 
[1] M. Ware, Cyanotype: The History, Science, and Art of Photographic Printing in Prussian Blue, National 
Museum of Photography, Film, and Television, Bradford, UK, 1999.  
[2] L. Held, D. Burge, D. Nishimura. Topics in photography Preservation, 14:237-249, 2011

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Adriana Rizzo(1), Federico Carò (1), and Silvia Armando(2)
(1) Department of Scientific Research, The Metropolitan Museum of Art, 1000 5th avenue, New York, NY 10028 
 (2) Department of Medieval Art, The Metropolitan Museum of Art, 1000 5th avenue, New York, NY 10028. 
A number of painted and gilded ivory caskets in the collections of the Metropolitan Museum 
of Art have formerly been attributed to Sicily and labeled as ‘Siculo-Arabic’. Their materials 
and decoration techniques were studied to determine working practices, verify attributions 
and distinguish specific craftsmanship, both chronologically and geographically. The 
investigation was carried out in support of a systematic research based on technical and 
formal observation of about 100 artifacts [1]. 
A non-invasive survey of the decoration by UV examination, together with analyses by XRF 
and Raman micro-spectroscopy, were helpful for the visualization and identification of 
pigments and gilding traces, particularly where the decoration was mostly lost or faded.  
Microscopic samples analyzed by a combination of micro-FTIR, Raman and SEM/EDS 
further informed on the nature of the binders of mordant and paint, as well as colorants 
remains. This investigation is the first of its kind focused on the decorative techniques and 
their evolution in such a specific group of objects. 
[1]S. Armando, Avori ‘arabo-siculi’ nel Mediterraneo medievale, PhD thesis, Università della Tuscia (Viterbo),
2012: http://dspace.unitus.it/bitstream/2067/2383/3/sarmando_tesid.pdf
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A. Fedrigo (1, 2), A. Broström (3), K. Brink (4), A. Kaestner (5), F. Wieder (6),
S. Hall (7, 8), K. Lefmann (2), and M. Strobl (8)
1 Istituto dei Sistemi Complessi, Consiglio Nazionale delle Ricerche, Sesto Fiorentino (IT) 
2 Niels Bohr Institute, University of Copenhagen, Copenhagen (DK) 
3 Swedish National Heritage Board, Lund (SE) 
4 Sydsvensk Arkeologi, Vintrie (SE) 
5 Paul Scherrer Institut, SINQ Neutron Source, Villigen (CH) 
6 Institute of Applied Materials, Helmholtz-Zentrum Berlin, Wannsee (DE)
7 Division of Solid Mechanics, Lund University, Lund (SE)
8 European Spallation Source ESS, Lund (SE)
Around 4,000 BC a fundamental change in both economic and social life began across southern 
Scandinavia with the transition from a largely nomadic hunting/gathering society to a more 
settled, farming-based one. Early Neolithic agriculture (c. 4000-3500 BC) has been the subject 
of academic debate for decades, since its economical and social significance is still largely 
unknown. The subject remains live as new material and theoretical perspectives contribute. 
Plant remains from archaeological sites are a major source of information on the origin, spread 
and development of prehistoric and historic agriculture systems. Unfortunately they are usually 
found in scarce quantities on sites of the period. 
Many archaeological investigations and smaller excavations have taken place in the area the 
ESS site (Lund, SE) and the most interesting find so far is the evidence of farming that reaches 
back 6000 years, representing the earliest evidence of agriculture in Scandinavia. 
The material retrieved from the settlement is constituted by charred seeds of barley. Despite the 
antiquity and the charring process, in some cases unburnt parts may have survived in the core of 
those seeds, as shown in previous studies [1-3]. 
Neutron imaging and complementary X-ray imaging techniques have hence been used as a non-
destructive method for studying the morphology and the conservation status of 16 barley grains 
from the Stone Age and the Iron Age.  
White beam neutron tomographies were performed on the ICON beamline, PSI (CH), and a 
reconstruction is reported in Fig. 1. X-ray tomographies were partially performed at HZB 
micro-CT Lab and partially at Lund University (SE). 
The aim of this study was to explore the use of imaging 
techniques as an analytical tool for archaeological objects,
for studying the internal mineralizations and inclusions, and 
determining possibilities for aDNA-analysis present in 
charred cereal grains. The use of non-invasive and non-
destructive methods is highly relevant for cultural heritage 
objects, due to their uniqueness and their immaterial value.
)LJXUH Volume rendering of a WB neutron tomography performed 
on a Stone Age grain. The mineralizations are enlightened in red and 
the pores in blue. Light blue is used for pores connected with the 
exterior.
[1] T. A. Brown, et al., Ancient Biomolecules , 185-193. (1998) 
[2] A. Schlumbaum, et al., Journal of Archaeological Science , 1111-1118 (1998) 
[3] D. Zohary, M. Hopf, M., Domestication of Plants in the Old World, Oxford University Press 
(2000)
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 Multiscale and multisensor approach for the 
structural diagnosis of ancient buildings: the case of the 
"Domus of the Silver Wedding" in Pompei 
Nicola Masini (1), Veronica Montano (2), Felice Ponzo (3) Antonio Di Cesare (3), 
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 (2) University of Basilicata, Italy 
(3) University of Basilicata, School of Engineering, Italy 
(4) CNR-IBAM, Lecce, Italy 
 
Monitoring of ancient buildings is an issue of great interest in view of a proper restoration. 
Among the monitoring techniques, the non-invasive ones used in an integrated way are 
particularly suitable [1,2], if not mandatory, if we need to investigate weak structures whose 
cultural value and brittleness entails the impossibility of invasive tests, as in the case of the 
Domus of the Silver Wedding in Pompei. 
The roman house, as occurred for many other buildings in Pompei, was buried in the ash from 
the 79 AD eruption of Mount Vesuvius. It was excavated in 1893, the year of the silver 
wedding anniversary of King Umberto and Queen Margherita of Savoy. This event gave the 
name to the roman domus whose excavations uncovered a monumental architecture 
composed of an atrium, and two gardens. The atrium is characterized by four tall Corinthian 
columns and an elegant exedra with fine decoration. Of the two gardens, one, the larger, 
includes a central pool and a triclinium, the other one is composed of a bath-house, open-air 
swimming pool and a living room embellished by a mosaic floor and wall paintings. 
From the archaeological record it was possible to find a foundation phase dating back to 
around 300 BC and a following phase of renovation in the 1st century AD when the domus 
belonged to a wealthy owner of Pompei.The domus has a long history of works which 
allowed to restore the architectural integrity partially lost due to the damage caused by the 79 
AD vulcanic event. Over time the weathering and the presence of heavy and rigid concrete 
structures have caused some static problems to be addressed by restorations respectful of the 
mechanical behavior of the original load bearing framework. To this aim a multisensor 
approach based on the use of a number of non invasive in situ tests, including georadar, 
seismic investigations, infrared thermography, has been adopted to collect data useful for the 
structural diagnosis. The survey has been performed by laser scanner and images taken from 
drone processed by structure from motion algorithms in order to provide a 3d textured model 
functional to finite element model processed with two different computing codes. Finally, the 
results put in evidence the great effectiveness of an approach based on the processing and 
interpretation of data acquired by different sensors at different scale. 
 
[1] Leucci G., Masini N., Persico R., Soldovieri F. 2011. GPR and sonic tomography for structural restoration: 
the case of the cathedral of Tricarico, Journal of Geophysics and Engineering, 8 (3), 76-92, doi:10.1088/1742-
2132/8/3/S08 
[2] Calia A., Leucci G., Masini N., Matera L., Persico R., Sileo M., 2012. Integrated prospecting in the Crypt of 
the Basilica of Saint Nicholas in Bari, Italy. Journal of Geophysics and Engineering, 9(3), 271-281, 
doi:10.1088/1742-2132/9/3/271 
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This study, running under the IMAGOS project, presents the preliminary results 
of an extensive analytical programme carried on Islamic metals from the South of 
Portugal, through an integrated methodology based on the use of non- or micro-invasive 
techniques. The analysis has been carried out in more than 300 artefacts, consisting of 
adornment objects, pendants, earrings, coins, bracelet, needle and rings with a 
chronology comprised between the XII and the XIII cent. AD and coming from 
excavations done in the urban area of Mértola [1]. 
For this purpose, a portable X-ray fluorescence spectrometer has been used to 
estimate, in a non-destructive way, the chemical composition of the metals. The 
interpretation of semi-quantitative data has allowed the identification of Cu-based 
alloys, namely brass and bronze with a variable presence of Zn and Sn. 
In a selected number of artefacts with different typologies, the microstructural 
characterization of the metals has been carried out with optical microscopy and 
scanning electron microscopy with an energy dispersive analysis system (SEM-EDS). 
The conjunction of these techniques has enabled the identification of the production 
processes of the artefacts and the presence of different phases, inclusions, segregations 
and casting defects. 
This contribution proposes a framework of the material analyzed in order to 
construct a chronological pattern based on the alloys composition and the 
microstructural characterization of the objects.  
References 
[1] Gómez Martínez S. (ed.), Museu de Mértola. Catálogo Geral, Mértola: Campo Arqueológico de 
Mértola, 2014 
Acknowledgments: The work has been carried out within the IMAGOS (Innovative Methodologies in 
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Non destructive compositional and microstructural characterization of Sardinian bronze 
swords through Neutron Diffraction. 
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Sardinian bronze metallurgy represents an important example concerning the study of the 
development of Bronze technology in an insular area studying the links with the 
surrounding main lands.  
Three bronze swords pertaining to the "Monte Sa Idda" type, named after the important 
eponymous hoard found in the early 1900s in Sardinia, were anayzed through neutron 
diffraction using the INES beam-line at the ISIS neutron source. Aiming to determine the 
composition, the casting procedure and the presence of further thermal and mechanical 
interventions on them. Furthermore, neutron diffracton perits to obtain the quantitative 
distribution of all phases, including mineralization related ones, thus revealing the 
conservation status and suggesting intervention procedures. 
In fact, two of the analysed swords are from Monte Sa Idda-Decimoputzu while the third 
was found in the cave shrine of Pirosu-Santadi. 
For the production of this kind of swords, it was proposed a dating between 930 and 750 
cal. A.C., into the III phase of the Atlantic Final Bronze Age (Brandherm 2007, pp. 16-17). 
Sardinians examples can be divided into two varieties: A, with rectangular ricasso and B, 
with hunched shoulders and circular ricasso. The sections of the blade usually show a 
pronounced central rib slightly or barely detected, with parallel furrows. 
This class of swords is of considerable importance because of the spread area of type is 
mainly the Iberian Peninsula so  it is possible that these artifacts, are the result of a local 
production inspired by Iberian models (Lo Schiavo 2008, p. 427) or they are objects of 
Iberian manufacture imported in the island (Depalmas, Fundoni, Luongo 2011, pp 249-
250). 
The analysis performed using neutrons could help in determining the possible origin of 
these swords, permitting to know several details about the manufacturing method 
 
References 
BRANDHERM D. 2007, Las espadas del Bronce Final en la Peninsula Ibérica y Baleares, PBF (A. 
IV) 16, Stuttgard. 
DEPALMAS A., FUNDONI G., LUONGO F., Ripostiglio di bronzi della prima età del ferro a 
Sant’Imbenia - Alghero (Sassari), Rivista di Scienze Preistoriche, vol. LXI 2011, pp. 231-257.
LO SCHIAVO 2008, La metallurgia sarda: relazioni fra Cipro, Italia e la Penisola Iberica. Un modello 
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In this work is presented an innovative portable spectrometer designed to perform in-situ, fast 
and non-destructive combined elemental and molecular analyses with the complementary 
EDXRF and RAMAN techniques. In particular, the instrument has been developed for 
cultural heritage applications such as analysis of printed materials (documents, books, 
parchments and manuscripts), metals, jewels, ceramic objects, seals, glass objects, paintings, 
frescos, marbles, material research and elemental analysis in general.  
The XRF system is fully integrated into the compact detection head and it is equipped with a 
large-area fast Silicon Drift Detector (SDD) of 25mm2 (expandable up to 50mm2) and with 
ultimate spectroscopy performances. The excitation source is a high efficiency and compact 
50kV X-Ray generator with Rh anode that can be coupled with software selectable pin-hole 
collimators to reach X-Ray spot size on sample between 1mm and 4mm of diameter. A filters
set for primary beam is also integrated into the instrument to improve low-detection limit 
capability in special applications. The EXRF spectrometer is sensible in the range of 1-40keV 
and so it is able in principle to detect all elements heavier than Al. The possibility to purge
Helium extends the detectable element to Na and Mg.
The RAMAN system is composed by a detection probe (excitation and collection) integrated 
into the same compact detection head. An external unit includes a high performance cooled 
CCD spectrometer with high resolution (4 to 5cm-1) and wide energy-range and a stabilized 
excitation laser typically at 785nm and with 500mW maximum optical power.  
XRF and RAMAN components are highly integrated into the compact detection head and the 
perfect coincidence of the analysis area are always under the control of the operator thanks to 
several monitoring systems (pointing lasers, microscope camera, external camera, LEDs light 
for sample illumination on analyzed region with dimming adjustment).
The system is equipped with dedicated software for complete instrument control, spectra and 
data visualization and elaboration. The spectrometer is composed by a compact detection head 
(weight 2,7 kg) that can be mounted on a light weight tripod for complete mobile use and a 
small external unit (weight 5kg). 
A complete experimental characterization of the spectrometer will be presented showing some
of the technical novelties of the instrument making it ideal for applications in the field of 
cultural heritage. Some of them are the complete contactless operation, the insensitivity to 
environmental conditions, easy positioning and alignment of the system. Moreover, some of 
the first applications of the new instrument will be presented, a database of XRF and 
RAMAN spectra performed on a set of standard pigment will be shown and some advantages 
coming from the combination and integration of the two techniques discussed.
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The blue smalt pigment was widely used in Europe during the 16th and 17th century as a 
cheaper alternative to azurite and lapis-lazuli [1]. The color was obtained by adding a small 
amount of cobalt oxide during the preparation of smalt. Although there are several 
investigations about the application of the smalt pigment in easel paintings [2], researches on 
its use in tridimensional artworks, irrespective of the binding used, are still scarce [1, 3]. 
The main altarpiece of the Coimbra Old Cathedral will be the reference for this study. 
Produced in 1499-1502, it already comprises four interventions, all registered in historical 
records. The second intervention, a new polychromy performed in 1685, is registered in a 
contract signed by the painter Manoel da Costa Pereira. It stipulated that the blue areas should 
be painted with smalt in oil and then "burnished" (sic) in order to obtain a polished effect. 
These areas were later covered with a Prussian blue-containing overpaint applied in 1900, so 
now the smalt coating can only be observed on samples cross-sections. 
Analysis carried out by Optical Imaging and SEM-EDS on these cross-sections confirmed the 
use of the earlier smalt pigment. It contains particles with an average size between 5 and 45 
µm, with conchoidal fractures and colors ranging from a dark cobalt blue to a light blue, 
mixed with colorless particles [3]. As for the chemical constitution, the results showed the 
presence of Si (61,9-89,0 wt%), K (0,4-18,2 wt%), Co (1,8-9,9 wt%), As (0,4-7,5 wt%) and 
Fe (1,1-11,9 wt%), with some traces of Al (1,1-15,8 wt%), Mg (1,5-7,1 wt%), Ca (0,4-3,6 
wt%), Pb (2,7-37,6 wt%) and Bi (>2,0 wt%). The blue particles with the higher amount of Co 
have the darkest hue. The presence of Al, Mg, Ca, Pb and Bi seems to originate from the 
cobalt ore used in the pigment synthesis. These impurities influenced the chemical stability, 
shade and intensity of the blue color, also depending on the binding medium employed [1, 2]. 
This information was of major importance to do the reconstruction of the blue raw material 
and the smalt paint used in the main altarpiece. Two smalt pigments (S1 and S2) were 
prepared in the laboratory on the basis of well representative particles found in the samples, 
with different percentages of Co (S1 with 6,0 wt% and S2 with 2,1 wt%) and the addition of 
Mg (3,1 wt%) to S2. Both smalts were studied by optical imaging and SEM-EDS, before and 
after grinding. During the reconstruction of the blue smalt paint, a fine powder of plumbic 
colorless glass was admixed to the pigment, in order to reproduce the mixture found in the 
cross-sections. Both proteinaceous and oil binders were used. The reconstruction was studied 
by Optical Imaging and SEM-EDS in order to verify the color, size, shape, fracture and 
chemical constitution of the particles, and compare the results with those of the altarpiece. 
[1] Richter, M., in Polychrome Sculpture in Germany and Japan, Hirmer, Munich, 2004, 175-203. 
[2] Robinet L. et al., ICOM-CC 16th Triennial Meeting Preprints, Lisbon, 2011, p.1-8. 
[3] Arinto, A. Le Gac, Le Retable Majeur de la Sé Velha de Coimbra et la polychromie dans le diocèse de 
     Coimbra à l´époque baroque. Aspects techniques et esthétiques, PhDThesis, FCT-UNL, Lisbon, 2009.
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TOMOGRAPHY FOR CULTURAL HERITAGE AT 
SYNCHROTRON SOLEIL
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X. Cohen1, Mario Scheel2, Timm Weitkamp2, Jean-Paul Itié2, Loïc Bertrand1,2.
1. IPANEMA, CNRS, Ministère de la Culture et de la Communication, USR 3461, Saint-Aubin, France 
2. Synchrotron SOLEIL, Saint-Aubin, France 
In the past decade, synchrotron-radiation microtomography (SR-mCT) has become a central 
tool for investigating the morphology of cultural heritage samples. SR-mCT accesses the 3D 
inner structure in a non-invasive way for obtaining images with a higher resolution (voxel 
sizes ranging from a few hundreds of nanometers to a few microns) and far shorter acquisition 
times than a conventional tomograph. After the pioneering work at the ESRF in palaeontology 
and palaeo-anthropology, synchrotron facilities such as SLS, Diamond and SOLEIL join the 
development of SR-mCT for cultural heritage specimens. At SOLEIL, the PUMA beamline 
will be devoted to the investigation of ancient materials with tomography and scanning x-ray 
imaging methods in the context of the development of the European research platform for 
ancient materials IPANEMA. Ultimately, PUMA will be one of three full-field tomography 
beamlines at SOLEIL, together with the beamlines PSICHE and ANATOMIX. 
The three SOLEIL tomography beamlines, fed by insertion devices, have complementary 
characteristics, as each of them is tailored for different needs of tomography experiments. 
PSICHE, already available to the users, is a high-pressure diffraction and tomography 
beamline working at 15-80 keV, with a maximum beam size of 15×6 mm2 (H×V). PSICHE is 
prepared for hosting large sample environments and heavy specimens, and will be optimized 
for fast tomographic data acquisition with white beam (currently 10 sec, eventually reaching 
0.1 sec per full tomograph) and in-situ experiments. PUMA will be opening to the users by 
the end of 2015. The beamline tomography setup, designed for exploiting phase contrast 
imaging, will deliver a 20×10 mm2 (H×V) beam in the energy range from 15 to 60 keV. The 
key development will be automation of data acquisition and analysis in order to measure large 
sets of specimens (high throughput corpus studies) combined with high-definition, up to 
12k×12k sections. Both PUMA and PSICHE will give access to spatial resolution of 1 to a 
few microns. Higher resolution will be available at ANATOMIX, with pixel sizes down to 
200 nm for parallel-beam tomography and 30 nm for X-ray microscopy. ANATOMIX will 
offer various phase-contrast imaging modalities and will be optimized to perform fast 
acquisition experiments in the energy range from 5 to 25 keV.
With these three beamlines, SOLEIL will cover a wide spectrum of possibilities for 
tomographic study of ancient materials, from small to medium size fossil specimens to 
archaeological artifacts  (tools, ceramic and metallic objects).
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Investigation of the oxidation states of iron in Song 
celadon glazes by X-ray absorption spectroscopy 
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 (2) National Synchrotron Radiation Research Center, 101 Hsin-Ann Rd., Hsinchu 30076, Taiwan 
The Song dynasty (960-1279) is one of the richest periods of ceramic history in China. In 
addition to the highly praised quality, the variety and the quantity of Song dynasty ceramics 
are also remarkable. The celadon, which includes the famous wares such as Ru, Jun, Guan, 
Ge, Yaozhou and Longquan, is the highlight of this period. The questions concerning their 
origin, fabrication, glaze coloration and mutual influence have been being centers of research. 
Celadon, or qingci in Chinese, means generally greenish ceramics. Its color is in fact diverse: 
soybean green, sky-clear blue, grayish green, sky blue, light greenish blue, plum green, 
yellowish green, moon white, etc. The glaze color of celadon is due to both physical and 
chemical effects. With content around 0.5- 4 wt %, iron plays an important role in the 
coloration of celadon glaze. In general, iron in the original raw materials of glaze is Fe(III) 
oxide. After firing, Fe2O3 could be reduced to FeO or Fe3O4. Depending on the firing 
condition, the iron ion, four-coordinated or six-coordinated, could be a former of glaze 
network, or act as a modifying oxide. Hence, obtaining the information of oxidation state and 
environmental structure of iron in glaze could be helpful in exploring the celadon firing 
technology and other issues.  
In this work, several celadon shards of Ru, Guan, Yaozhou and Longquan are analyzed using 
X-ray absorption spectroscopy (XAS) based on synchrotron radiation for studying the 
oxidation state and local atomic structure of iron in glaze. According to XAS spectra collected 
at Fe K-edge, glazes of different wares possess characteristic iron oxidation and structure. The 
results obtain permitting explaining the subtle different appearance between the diverse wares 
of Song dynasty and can be helpful in technology, provenance and authenticity studies as well.  
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Although Khon masks are most representative of Thai culture, there is nowadays a 
diminishing number of traditional Khon mask-makers. The know-how and trade secrets they 
were passing down from generation to generation is dying out and the situation is critical to 
preserve this national art. Information on the Khon mask-making available to the Western 
public is scarce [1]. What has been disclosed about Masters' practices indicates that the 
manufacture of a Khon mask, whatever the depicted character, involves the use of a paste of 
sa rice paper applied on clay models to obtain hollowed shells, of resin to produce some 
raised physical features and ornaments, and of acrylic paint to achieve the polychrome effects. 
According to this latter information, traditional mask-making is expected to have evolve over 
time in an attempt to adjust the mask production to the marketed products. Nothing is 
specified about materials widely employed to give the Khon masks their specific sparkle. 
Aiming at getting a first insight into the construction techniques of a recent artefact, a Khon 
mask made in 2014 in Thailand, and representing Ganesh, was studied. Besides fundamental 
visual records first obtained by digital photography under visible and ultraviolet illumination, 
X-ray radiographs were carried out in an attempt to put in evidence specific aspects of the 
mask inner structure, assembly and polychrome coating implementation [2]. Three digital X-
ray Radiography systems, were applied:
1) Non-portable Digital X-ray system with direct radiographic image capture [3], by using the 
ArtXRay set up of NTB GmbH equipped with an X-rays Y.MBS/160-F01 generator with 
directional beam, maximum angle 4 x 80º, 1.9 mm spot size, high voltage adjustment of 10–
160 kV, current of 0.2–5.0 mA and maximum power of 480 W; a Digital camera with 
sensitivity 10-160 kV, pixel size of 83 μm and resolution of 12 pixels/mm. The radiographic 
images were processed with the iX-Pect software. 
2) Portable Digital X-ray system with indirect capture, by using an Yxlon Smart160E X-ray 
tube, with beam angle 40 x 55°, 1.0 mm spot size, operating range of 18-60 kV, current of 
2.0-6.0 mA and max. power of 640 W. The image capture devices were reusable medium-
sized (37 x 43 cm) photo-stimulable phosphor plates, scanned with a computer's imaging 
software via the SCANNER Durr NDT - CR 35 sec. 
3) Portable Digital X-ray system with indirect capture, by using the X-ray source Model 
XR200 by Golden Engineering, a lightweight pulsed x-ray generator (short duration pulse = 
60 ns), with max. beam angle 40º,  3.0 mm spot size, operated at 150 kVp (kilovolt per pulse / 
Output dose: 2.6 to 4.0 mR/pulse). The digital image capture devices were  the same as above. 
Taking advantage of the digital image quality and increased range of visible greys, the three 
X-ray systems and records were compared, and the overall data was interpreted. 
[1] N. Chandavij and P. Pramualratana, Thai Puppets & Khon Masks. River Books, Michigan, 1998. 
[2] J. Lang and A Middleton, Radiography of cultural material, Elsevier, Oxford, 2005, 20-48.  
[3] S. Schäfer, Digital X-ray System for Art Object Analysis, In ICOM-CC ATSR 2nd Seminar, Madrid, 2006.
TECHNART 2015 POSTER SESSION 2
P2-144
 Geophysical techniques for the architectural 
restoration: past, present and future perspectives 
Nicola Masini (1), Francesco Soldovieri (2) 
(1) CNR-IBAM,Tito Scalo (PZ), Italy 
 (2) CNR-IREA, Naples, Italy 
 
The paper deals with an overview of non invasive in situ investigations by means techniques 
which are typically used for geophysical purposes, such as Ground Penetrating Radar (GPR), 
Seismic tomography, Electrical resistivity. 
The argument is structured in three parts: 1) the first is related to data acquisition issues 
including the aspects linked to the interface (or coupling) sensor/cultural heritage object; 2) 
the second refers to data processing methods, the choice of which depend on the investigation 
aims (knowledge, conservation, structural restoration), the problem to investigate (fresco 
detachment, cracks, fractures, etc..), the dimension of the object and/or the phenomenon to 
study and, consequently, the resolution of the requested results; 3) the last one is given by the 
post processing and the interpretation of results. 
The latter is usually the critical element of the diagnostics because of the difficulty to 
transform 'indirect data' (radargrams, tomographies, ..) in 'direct data' which make possible the 
extraction of those information useful for evaluating the state of conservation of the building 
elements (masonry, frescoes, plaster) which compose an architecture [1, 2]. 
Novel data processing strategies aimed at facilitating the interpretation (including augmented 
reality) will also be showed in the future perspective to develop more effective and non 
invasive techniques for the architectural restoration. 
 
 
[1] Leucci G., Masini N., Persico R., Soldovieri F. 2011. GPR and sonic tomography for structural restoration: 
the case of the cathedral of Tricarico, Journal of Geophysics and Engineering, 8 (3), 76-92, doi:10.1088/1742-
2132/8/3/S08 
[2] Masini N., Persico R., Rizzo E., Calia A., Giannotta M.T., Quarta G., Pagliuca A. 2010, Integrated 
Techniques for Analysis and Monitoring of Historical Monuments: the case of S.Giovanni al Sepolcro in 
Brindisi (Southern Italy), Near Surface Geophysics, 8(5), 423-432, doi:10.3997/1873-0604.2010012 
[3] F. Gabellone, G. Leucci, N. Masini, R. Persico, G. Quarta and F. Grasso 2013. Non-destructive prospecting 
and virtual reconstruction of the chapel of the Holy Spirit in Lecce, Italy. Near Surface Geophysics, doi: 
10.3997/1873-0604.2012030 
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P. Claes(1), J.L. Ruvalcaba Sil(1),  L. Filloy(2),  D.Ma. Aguilar Téllez(1), V. 
Aguilar Melo(1),  M.D. Manrique Ortega(1),  Ma. A. García Bucio(1), E. Casanova 
González(1), M.A. Maynez(1),  A. Mitrani(1),  A.A. Delgado Robles(1),  E. Soruco 
Sáenz(2), P. Ochoa Castillo(2)
(1) Instituto de Física, Universidad Nacional Autónoma de México, Circuito de la Investigación Científica s/n, 
Ciudad Universitaria, Mexico DF 04510, Mexico. 
e-mail: sil@fisica.unam.mx
(2) Museo Nacional de Antropología, Instituto Nacional de Antropología e Historia, Av Paseo de la Reforma y 
Calzada Gandhi S/N, México DF 11560, Mexico. 
Teotihuacan was the most important pre-Hispanic city in the central area of Mesoamerica 
during the Classic period (100 B.C. to 700 A.D.)  Its influence is presented in all the regions 
of Mesoamerica and the Maya area. Teotihuacan is well known for its trade routes  for 
exchange of pottery and obsidians and the inner organization of the city, as well as the 
monumental pyramids of its ceremonial center. This civilization had high quality artcrafts and 
fine artists to perform outstanding mural painting and to manufacture elite objects. 
In this work we present the non-invasive in situ study of the palette and pigments of a set of 
more than 30 pottery vases finely decorated, discovered in the palaces of Teotihuacan, part of 
the most outstanding collection of the National Museum of Anthropology in Mexico City.  
These analyses were carried out in the Museum using our portable equipment. First, a global 
examination was carried out by ultraviolet (UV) and False Color Infrared Imaging (FCIR) to 
determine the original and restored regions of the vases [1]. Also, FCIR was useful to 
determine the main pigments and the combination of pigments in the painted decorations.  X-
ray fluorescence was performed using our portable system (SANDRA) with a Mo X-ray tube 
and a Si-PIN detector with a 1 mm collimator (45 kV, 0.2 mA, 90 s/region) [2]. Raman was 
also applied using a Delta Nu Raman system with a 785 nm laser (2000 – 200 cm-1) [3]. 
Additional measurements were done using an Alpha infrared spectrometer from Bruker (4000 
– 400 cm-1).
Our results showed a specific use of cinnabar for the red color, while hematite is used in few 
cases. Also copper green pigments, mainly malaquite, as well as Fe green earths, were used in 
most of the green and blue colors. Yellow colors are mainly Fe ochre. Nevertheless, orpiment 
was detected by the first time in this kind of decorations and this represents the earlier use of 
this pigment in Mexico. This it is an outstanding discovery, since previously orpiment was 
considered from European origin until it was reported in mural painting in the main Aztec 
temple (Tenochtitlan) and it was detected in several pre-Hispanic and early Colonial codices. 
This research has been supported by grants from CONACYT MOVIL II 131944 and PAPIIT 
UNAM IN403210 - ANDREAH II. 
[1] D.Ma. Aguilar Téllez et al., Material Research Society Proceedings 1618 (2014) 3-15.
[2] J.L. Ruvalcaba Sil et al., X-Ray Spectrometry 39 (2010) 338. 
[3] E. Casanova-González, A. García Bucio, J.L. Ruvalcaba-Sil, V. et. al., Journal of Raman Spectroscopy 43 
(2012) 1551-1559. 
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Application of X-ray Computed Tomography to Cultural 
Relics Study
Tung-Ho Chen (1)* and Chien-Chi Huang (1)
(1) National Palace Museum, 221 Chih-shan Rd., Sec. 2, Shih-lin, Taipei 11143, Taiwan 
X-ray computed tomography (CT) is an effective analytical technique for investigating non-
destructively the 3D-structure of an object. Through the 3D-image reconstruction process, the 
inner structure and morphology of the examined object can be explored in detail. With the 
aim of studying different types of artifacts housed in the National Palace Museum (NPM), a 
versatile X-ray cone-beam CT has recently been constructed. In this work, the CT design and 
construction, digital image processing and 3D image reconstruction are briefly introduced. 
With more suitability and flexibility than most expensive commercial CT scanners which are 
normally designed for medical or industrial application under the constraint of analyzing 
specific materials in a limited dimension, this NPM homemade cost effective CT system, 
dedicated to cultural relics investigation, with 11 controlling axes, permits of scrutinizing 
various kinds of materials, including ceramics, bronzes, lacquers, woods, etc., in different 
sizes. After processing the scanned 2D images by median filter and flat-field correction for 
better image quality, the 3D image reconstruction is processed using Feldkamp, Davis and 
Kress (FDK) algorithm and iterative algorithm, which provide tomograms allowing of 
exploring the 3D structure of relics. As the CT scanned images contribute to big data which 
can paralyze the computation, a new parallel dynamic computing technology – the compute 
unified device architecture (CUDA) with graphic processing unit (GPU) is thus employed for 
accelerating the CT image reconstruction process. In this proper work, several artifacts of the 
NPM are shown for demonstration of examining their inner structure through tomograms. 
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Influence of binder on historical pigments colour 
Guido Bonfiglio1, Giuseppe Burrafato1-2, Dorotea Fontana1, Anna M. Gueli1-3,
Stefania Pasquale1, Riccardo Reitano2, Sebastiano Olindo Troja1-3
(1) PH3DRA Laboratories, Dip. di Fisica e Astronomia Università di Catania, Via S. Sofia 64 - I Catania 
(2) Dipartimento di Fisica e Astronomia Università di Catania, Via S. Sofia 64, Catania, Italy 
(3) Sezione INFN di Catania, Via S. Sofia 64, Catania, Italy 
The colour of a paint layer is determined by the pigments mixed with a binder and painted on the 
chosen medium. According to their chemical nature, the binders are substances that, after drying or 
hardening, give rise to a uniform and homogeneous layer. The medium, chemically inert with 
respect to the pigments with which it is mixed, gives the paintings good cohesion and adhesion 
properties on the substrate [1]. The optical characteristics of a good binder are the transparency and 
the absence of colour. The binders used by artists in ancient times, however, can influence the 
colour of the paintings significantly contributing to light scattering [2]. 
With the aim of quantifying the influence of the medium on the specification of the colour of a 
painting, we made paintings with several of the principal historical pigments [3] and with the most 
used binders in ancient times [4]: oils (especially linseed and poppy oil), casein and egg yolk 
prepared according to old recipes. The samples were made with fixed binder / pigment ratio for all 
binders since it can influence the brightness and saturation of the colour of the pigments, vary the 
index of refraction and the covering power of the paint (Wehtle K., 1975; Brill TB, 1980) [5,6]. The 
measurements were performed using reflectance spectrophotometry [7] on samples of the same 
pigment mixed with different binders. The results were evaluated observing the spectral reflectance 
factor trend (SRF%) and calculating chromaticity coordinates in the CIELAB system [8]. In support 
of the measurements of the colour specification, the distribution of the pigment particles within the 
paint layer was measured by scanning electron microscopy (SEM) [2]. 
[1] Matteini M., Moles A., 2004, La chimica nel restauro. I materiali dell’arte pittorica, Ed. Nardini
[2] Mayer Ralph,The artist’s handbook of materials and techniques, 1991 Ed. Viking 
[3] AA.VV., Artists' Pigments: A Handbook of Their History and Characteristics, (Vol.1-4) 1997 Ed. Robert L. Feller 
[4] Colombo L., I colori degli antichi, 1995, Ed. Cardini
[5] Wehtle K., The Materials and Techniques of Paintings, Ed. Kremer, 1975, 662 pp  
[6] Brill T.B., Light: its Interaction with Art and Antiquities, Plenum Press, 1980  
[7] Burrafato G., Troja S.O., Gueli A. M., Stella G., Zuccarello A.R., Misure colorimetriche su stesure pittoriche:messa 
a punto di un protocollo di misura, Colore e Colorimetria contributi multidisciplinari, Quaderni di Fotonica e Ottica, 13: 
2005, pagg. 208-215
[8] Oleari C. (a cura di), Misurare il colore, 2008 Editore Hoepli 
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Characterization of easel painting "The Yellow Man" of 
the Brazilian artist Anita Malfatti through non-destructive 
techniques: XRF and imaging 
 
Pedro H. O. Viviani de Campos (1), Marcia A. Rizzutto (1), 
 Elizabeth A. M. Kajiya (1), Jessica F. Curado (1), Lucia E. Thome (2),  
Bianca M. A. Dettino (2), Eva K. Mori (3), Anna W. de Matos (4)  
 
(1) Instituto de Fisica - Universidade de Sao Paulo, Brazil 
 (2) Instituto de Estudos Brasileiros, Brazil 
 (3) Instituto de Geociências - Universidade de Sao Paulo. Brazil 
(4) Northumbria University, United Kingdom 
 
Studding easel paintings with the employment of archeometry techniques can reveal 
important characteristics of the artist’s style and of the intrinsic materials used by the artists. 
Research using these techniques, has been only applied in small quantities to the analyses of 
works of art by Brazilian artists. We choose to employ these techniques to study one 
particular painting by the renowned Brazilian artist Anita Malfatti. 
 
Anita Malfatti is considered one of the most important Brazilian modern artists. Many believe 
her early works to be the steppingstone to the start of modernist movement in Brazil. Studies 
have been conducted on her biography and style, but little or no information was available on 
the materials used by her. One of the most important paintings by Malfatti is "O Homem 
Amarelo" (The Yellow Man). The painting belongs to the Institute of Brazilian Studies at the 
Univesity of São Paulo’s collection (IEB-USP). 
 
In this research, non-destructive techniques of imaging (raking light photography, ultraviolet 
fluorescence photography, IR reflectography and radiography) and X-ray Fluorescence (XRF) 
were used. This provided important information about the style and the creative process of 
Malfatti. The data gathered in this research includes underlay figures, information about the 
intrinsic materials used by the artist (pigments, etc) and about the state of conservation of the 
painting. The results enriched the existing knowledge about the painting and Malfatti’s 
techniques. 
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Andrei Hrib(1), Octaviana Marincas(2) and Felicia Iacomi(1) 
(1) Faculty of Physics, "Alexandru Ioan Cuza" University, B-dul Carol I, No. 11, 700506 - Iasi, Romania  
 (2) Faculty of Plastics Arts and Design, The University of Arts “George Enescu”, Sararie Street, No.189, 
700451, Iaúi, Romania 
Spectral analysis of painted surfaces by diffuse reflection is an appropriate method for 
investigating pictorial surfaces restored, most exactly, pigments. Identification of pigments 
and metamerism phenomenon encountered in case of imitative reintegration highlight the 
effectiveness of the method. Historical and natural blue pigment, azurite, have some 
characteristics  who make difficult the restoration of paintings using the this blue.  
[1] Bersani, D., Antonioli, G., Lottici, P.P., Casoli, A., Spectrochimica Acta, Part A, 59, (2003) 2409
[2] Boldura, O., Pictura murală din nordul Moldovei. Modificari estetice úi restaurare, Ed.ACS, Bucureşti, 2013
[3] Burgio, L., Clark, R.G.H., Theodoraki, K., Spectrochimica Acta, Part A, 59, (2003) 2371
[4] Clark, R.J.H., Chem. Soc. Rev., 24(1995) 187
[5] Cavaleri, T., Giovagnoli, A., Nervo, M., Pigments and mixtures identification by Visible Reflectance 
Spectroscopy, Procedia Chemistry 8 (2013), 45-54
[6] Daniilia, S., Bakiaris, D., Burgio, L., Gavala, P., Clark, R.J.H., Chrysoulakis, Y., J. Raman Spectrosc. 33 
(2002) 807
[7] Dorohoi, D., Partenie, H., Chiran L. and Anton, C., J. Chim. Phys., 91, 4 19–431, 1994.
[8] Dorohoi, D., Melniciuc-Puica, N., Light-surface interaction in the study of the restored paintings, Rom. [1] 
Journal.Phys., Vol. 55, Nos.1-2,p. 221-226, 2010;
[9] Johnston-Feller, R., Color Science in the Examination of Museum Objects, The Getty Institute, 2001
[10] Laren, K. Mc, The Colour Science of Dyes and Pigments, Adam Hilger Ltd., Bristol, 1983
[11] Perkampus, H.H., UV-VIS Spectroscopy and its applications, Ed. Springer Laboratory, 1992.
[12] Schaeffer, Terry T., Effects of light on materials in collections, The Getty Institute, 2001
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R. Gaudiuso(1,2), C. Koral(1), M. Dell’Aglio(2), O. De Pascale(2), A. De
Giacomo(1,2)
1) Department of Chemistry, University of Bari “A. Moro”, via Orabona 4 70126, Bari, Italy
2) Institute of Inorganic Methodologies and Plasmas (IMIP), National Research Council (CNR), via Amendola
122/D, 70126, Bari, Italy
Nanoparticle-Enhanced Laser-Induced Breakdown Spectroscopy (NELIBS) is a recently 
proposed variant of the LIBS technique, based on applying metal nanoparticles (NPs) on the 
sample surface to increase the emission signal of metals up to 2 orders of magnitude [1]. This 
considerable emission enhancement can be ascribed to two effects: 1) an improvement in the 
ablation effect, and 2) a more efficient production of seed electrons by field emission, in turn 
due to the enhancement of the laser electromagnetic field induced by the NPs themselves [2]. 
We studied the effect of several experimental parameters (e.g. laser energy; laser spot 
diameter; concentration, dimension, and kind of nanoparticles (NPs)), with the purpose of 
exploiting the emission enhancement to perform single shot analysis of metallic samples, 
which can improve the LOD (Limit Of Detection) of minor and trace elements at the same 
time reducing the sample damage. We applied the classical approach of calibration lines to the 
analysis of copper-based alloys, and with NELIBS we demonstrated a LOD decrease up to 
one order of magnitude with respect to normal LIBS.  
Here we also discuss NELIBS of transparent samples, which follows a different enhancement 
mechanism from that of metals, and represents a special case of particular interest. By 
dropping NPs on the transparent surface, the laser-substrate interaction is efficiently modified,
so that plasma induction and emission of radiation are made possible in the low laser 
irradiance regime and virtually without inducing any damage, in conditions where classical 
LIBS even fails to produce a spectrum at all. These investigations suggest NELIBS as an ideal 
candidate for archaeometric investigations, both of metallic artefacts and of transparent 
materials, including delicate ones such as gemstones and archaeological  glasses.
[1] A. De Giacomo, R. Gaudiuso, C. Koral, M. Dell’Aglio, O. De Pascale, Nanoparticle-Enhanced Laser 
Induced Breakdown Spectroscopy of metallic samples, Analytical Chemistry, 85 (2013) 10180-10187.
[2] A. De Giacomo, R. Gaudiuso, C. Koral, M. Dell’Aglio, O. De Pascale, Nanoparticle Enhanced Laser 
Induced Breakdown Spectroscopy (NELIBS): effect of nanoparticles deposited on sample surface on laser 
ablation and plasma emission, accepted for publication in Spectrochimica Acta B (2014). 
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Punturo R.(1), Cirrincione R. (1), Fiannacca P.(1), Ortolano G.(1) and Pezzino A. (1)
(1) Dipartimento di Scienze Biologiche, Geologiche e Ambientali - University of Catania 
As it is known, the knowledge of compositional, textural and physical features of stone 
materials employed in antiquity may provide helpful constraints in studies concerning the 
provenance and diffusion in addition to the intrinsic petrofabric characteristics. This work 
focuses on a relatively little known Roman age quarry, located in Calabria (southern Italy), 
where granitoid rocks were exploited. Even though the quarry itself testifies the high level 
Roman technology and the granitoid rocks cropping out show peculiar features, it was only 
recently studied in a detailed way [1].  
For a full characterization we applied micro-analytical techniques such as SEM and XRF and 
carried out non-destructive ultrasound tests on specimens collected at the quarry and on the 
remnants of pillars and slabs which are currently present and testify the importance of such 
granitoids for both ornamental and structural purposes. 
Results showed that granite of Parghelia, as it was named after the town close to it, is a 
strongly peraluminous two-mica porphyritic granodiorite, , with cm-sized K-feldspar 
megacrysts. Ultrasonic investigation showed average velocity values of compressional waves 
of ~ 4.0 km/s, even though widely ranging from point to point. This heterogenous mechanical 
behaviour was ascribed to the presence of microfractures and to the randomly oriented 
megacrysts distribution.  
The detailed compositional and textural characterization permitted to make a comparison with  
granitoids employed in some monuments of archaeological importance in southern Italy, 
whose provenance was unknown since they did not match with those ones known to be used 
in antiquity. Moreover, the combined approach of the multivariate statistical data analysis of 
X-ray maps [2] coupled with the non-destructive seismic investigation permitted to highlight 
the not good engineering quality of granitoids from Parghelia, despite their undoubtful beauty.  
This could explain, from the one hand the reason because the quarry of Parghelia was 
dismissed after a documented earthquake in 369 A.D. and was not reactivated anymore. From 
the other hand, the knowledge of such granitoids may shed new light about the granite trade 
in the Mediterranean during the Roman age. 
[1] R. Cirrincione, P. Fiannacca, G. Ortolano, A. Pezzino and R. Punturo, Periodico di Mineralogia 82(1), 2013, 
41-59.
[2] G. Ortolano, L. Zappalà, P. Mazzoleni, Computers and Geosciences 72, 2014, 49-64. 
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Alfredina Veiga(1,2), Catarina Miguel(1), António J. Candeias(1,2), Paulo 
Rodrigues(3), Dora Martins Teixeira(1,2), Jorge Ginja Teixeira(1,2)
(1) HERCULES Lab., Universidade de Évora, Palácio do Vimioso, Largo Marquês de Marialva, 8, 7000-809 
Évora, Portugal 
(2) Departamento de Química – Escola de Ciências e Tecnologia, Universidade de Évora, Colégio Luís António 
Verney, R. Romão Ramalho, 59, 7000-671 Évora, Portugal 
(3) Departamento de História – Escola de Ciências Sociais, Universidade de Évora, Colégio do Espírito Santo, 
Largo dos Colegiais 2, 7000-803 & Centro de História de Arte e Investigação Artística (CHAIA), Universidade 
de Évora, Palácio do Vimioso, Largo Marquês de Marialva, 8, 7000-809 Évora, Portugal 
The study of ancient paintings is a challenge for analytical chemists owing to the diverse 
nature of compounds present (support, pigments, binders and impurities, as well as their aging 
products, the reaction products between the materials, and the reaction products of the 
materials with the local environment) [1]. For instance, the interaction of pigments and 
binding media is a well known problem, that may result in the production of metal oxalates 
and soaps on the surface of paintings, modifying its appearance and state of conservation 
[2,3]. On the other hand, the paintings on metal support face additional problems such as the 
corrosion of the support itself [4]. 
In this work, the deterioration products present in three Portuguese miniature portraits on 
copper support from the Évora Museum collection (Portugal) were studied non–destructively 
by attenuated total reflectance (ATR) micro-FTIR spectroscopy. Each artwork, with 
dimensions not exceeding 8.3 cm x 6.6 cm, was placed onto the x-y-z motorized stage under 
the FTIR microscope objective, and a punctual analysis of selected areas was performed in 
ATR mode. With this technique, it was possible to identify some particular deterioration 
products (e.g., metallic oxalates on the pictoric layer and some corrosion products from the 
copper support) and draw meaningful conclusions about its presence in the studied artworks. 
[1] N. Salvadó, S. Butí, M.A.G. Aranda, T. Pradell, Anal. Methods, 6, 2014, 3610-3621. 
[2] R. Mazzeo S. Prati, M. Quaranta, E. Joseph, E. Kendix, M. Galeotti, Anal Bioanal Chem, 392, 2008, 65-76. 
[3] C. Higgitt, R. White, National Gallery Technical Bulletin, 26, 2005, 88-97. 
[4] D.A Scott, Copper as Substrate for Paintings, in D.A Scott, Copper and Bronze in Art: Corrosion, Colorants, 
Conservation, Getty Conservation Institute; Santa Monica CA, 2002. 
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The use of different spectroscopic techniques for the study 
of Wallpaper fragments from ancient Italian sites 
Pietro Baraldi (1), Paolo Bensi (2), Anna Tinti (3) and Paolo Zannini (1) 
(1) University of Modena and Reggio Emilia, Italy 
 (2) University of Genoa, Italy 
(3) University of Bologna, Italy 
 
Wallpapers are an ancient tradition in buildings from the Italian Renaissance to the last 
century. The paper were laid on the walls of a room, but also on the ceiling, covering in some 
way the wood beam that supported it. 
The analysis of the pigments preserved in wallpapers has been carried out by various 
techniques; i.e., atomic spectroscopy like X-ray fluorescence (XRF), molecular spectroscopy; 
(Infrared (FT-IR), micro Raman), Energy-dispersive X-ray spectroscopy (SEM-EDX). By 
combining the results coming from simple atomic and molecular spectroscopy techniques it 
was shown to be possible to obtain fundamental information on the specificity of wallpaper 
making techniques. The palette of the pigments identified is rich and accompanied by the use 
of simple mixtures for preparing green, gray, orange, violet. 
Some sample from a Palace of Ferrara and those from a Palace of Mantua showed great 
relevance. The preserved papers were covered with some common and less common pigments 
used at the times. Some more recent papers have pigments and dyes coming from the 
recently-developed industrial chemistry. 
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Milena N. Miljkovic(1), Biljana B. Arsic(1), Vesna V. Paunovic(2) and Milos 
Djokic(3)
(1) Faculty of Sciences and Mathematics, University of Nis, Visegardska 33, 18000 Nis, Serbia 
 (2) Department of Microelectronics, Faculty of Electronic Engineering, Aleksandra Medvedeva 14, 18000 Nis, 
Serbia 
(3) Nanyang Technological University, 50 Nanyang Ave, Singapore 639798 
Identification of complex natural materials used in the creation of art paintings is useful both 
in the preservation of art paintings and understanding of cultural events and painting 
techniques which were changed in the course of history [1]. Binders are usually 
macromolecular organic compounds of plant or animal origins and mainly constituted of 
lipids, proteins, waxes, polysaccharides or resins [2]. On the other hand, minerals, clays and 
other inorganic compounds are often used as pigments and fillers in painting colors.  
In this work, identification of pigments and binders in the samples of painting colours, used 
during the creation of art painting “Still life” by Milan Konjovic is presented. The purpose of 
the research was the identification of basic components of painting colors in order to perform 
more efficient restoration of damaged art paintings. In order to identify binders, IR 
spectroscopic analysis with KBr pastille method was performed; meanwhile, SEM-EDS 
method of electronic spectroscopy was used for the determination of pigments.  
Binding materials on the basis of easily dried plant oils were used during the creation of art 
painting “Still life” by Milan Konjovic and the preparation of painting colors. The presence of 
ester-linked carbonyl group, identified in IR spectra of samples, clearly leads to the 
conclusion. On the other hand, the most abundant pigments in samples of painting colors 
(zinc and cadmium sulphides, barium sulphate, titanium and chromium oxides, mixed oxide 
of cobalt and aluminum, and calcium carbonate) were shown as results of SEM-EDS analysis.  
Results of the research were collected, carefully interpreted and delivered to the conservator 
of gallery “Srbija” in order appropriate restoration and further conservation of art paintings to 
be conducted. 
[1] T. Reeves, R. S. Popelka-Filvoff, C. E. Lenehan. Analytica Chimica Acta 803(1), 2013, 194. 
[2] M. R. Derrick, D. Stulik, J. M. Landrey. Infrared Spectroscopy in Conservation Science, The Getty 
Conservation Institute, Los Angeles, 1999, 95. 
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(1) ISALIT srl, spin-off of DiSIT, University of Piemonte Orientale, Politecnico di Torino sede di Alessandria, 
Viale T. Michel 5, 15121, Italy. 
 (2) University of Piemonte Orientale, DiSIT, Viale T. Michel 11, 15121, Alessandria, Italy.  
Infrared spectroscopy has been widely employed for the characterization and study of cultural 
heritage materials. But most FTIR spectrometer are located in laboratory and the analysis can 
be performed only on small samples when a sampling is possible[1-3]. Several in-situ infrared 
spectrometers have been used for the investigation of artworks. In this research, the
performance of a new portable infrared spectrometer will be presented together with some 
case study and applications[4, 5]. In particular, the use of the diffuse reflectance infrared 
Fourier transform (DRIFT) device will be discussed and our recent results on the 
development of an infrared library database collection for the non-invasive identification of 
canvas grounds will be presented[6]. The DRIFT spectroscopy has been also tested for the 
non-invasive identification of some unknown conservation treatment of the Dead Sea Scrolls 
and for the characterization of some paintings from Graham Vivian Sutherland. Moreover, we 
will show the use of ATR-FTIR spectroscopy for the identification of the best consolidation 
treatment for the restoration of the rubber artwork “Presagi di Birnam” from Carol Rama. 
Lastly, a study on the degradation of plastic materials used in contemporary art has been 
carried out performing an artificial accelerated ageing in solar box: the chemical-physical 
alterations were monitored through the new portable infrared instrument.   
[1] F. Casadio and L. J. Toniolo, J. Cult. Herit., 2, 2001, 71–78. 
[2] E. Marengo, M. C. Liparota, E. Robotti and M. Bobba, Vib. Spectrosc., 40(2), 2006, 225–234. 
[3] E. Robotti, M. Bobba, A. Panepinto and E. Marengo, Anal. Bioanal. Chem., 388(5–6), 2007, 1249–1263. 
[4] L. Monico, F. Rosi, C. Miliani, A. Daveri and B. G. Brunetti, Spectrochim. Acta, Part A, 116, 2013,270–280. 
[5] M. Fabbri, M. Picollo, S. Porcinai and M. Bacci, Appl. Spectrosc., 55(4), 2001, 138–152. 
[6] M. Manfredi, E. Barberis, A. Rava, E. Robotti, F. Gosetti, E. Marengo, Analytical Methods, 2015. 
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(1) Horia Hulubei National Institute for Physics and Nuclear Engineering, 
IRASM Radiation Processing Center, 30 Aleea Reactorului, Magurele, Romania
 (2) University of Bucharest, Department of Physical Chemistry, 4-12 Regina Elisabeta Bd., Bucharest, Romania
(3) National Research and Development Institute for Textiles and Leather,  
93 Ion Minulescu St., District 3, Bucharest, Romania  
(4) Association for Heritage Protection, Bucharest, Romania
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The behavior of cellulosic materials at low doses of ionizing radiation attracts the interest of 
researchers because of recent results showing that the physical properties of paper have less or 
no changes for absorbed doses below 10 kGy, despite the high decrease of the degree of 
polymerization [1].  
The understanding of the relationship among molecular, microscopic and macroscopic 
changes in cellulose materials may change the current opinion that gamma irradiation is not 
the best choice for conservation of cellulose based cultural heritage artefacts. 
It was shown that at the absorption of gamma radiation the strength of the hydrogen bond 
structure is increasing up to a point when the stress produces fractures in the fibrilar structure. 
This may explain the results reported for mechanical tests at low dose irradiation and it is in 
agreement with scanning electron microscopy pictures showing changes in fibril structure at 
high irradiation doses. Cellulose irradiated at low doses maintains a strong hydrogen bond 
structure despite the decrease of the degree of polymerization [1]. 
The aim of this study is to reveal the changes in gamma-irradiated cotton fibers by using 
various macro and micro-spectroscopic techniques: Attenuated Total Reflectance (ATR) and 
Diffuse Reflection Infrared Fourier Transform (DRIFT) and molecular simulations. Various 
crystallinity indices are correlated with the changes in the interaction energy between the 
model cellulose chains of various structures. 
[1] V. Moise, I. Stanculescu, V. Meltzer, J. Thermal. Anal. Calorim. 115, 2014, 1417. 
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
The aim of this study is to determine the provenance of the raw materials (clay and shell/valve 
used as temper) and to understand the technology used for the Cucuteni C pottery from 
eastern Romania. The Cucuteni C pottery was mentioned by the archaeologists starting with 
the first half of the 20th century, being considered as a ”foreign and inferior” ceramic, 
representative for the contacts of the Cucuteni- Trypillia communities which evolved during 
the 5th-4th millennia BC with the ones coming from the steppe region. 
Multielement analysis of 50 pottery fragments sampled to represent the stylistic and 
technological diversity of the Cucuteni C shell tempered pottery sherds was done for 
determination of chemical composition in order to study their provenance. The chemical 
analysis was carried out by X-ray fluorescence (XRF) and the data were analyzed by using 
principal component analysis (PCA) and hierarchical cluster analysis (HCA) in order to 
define grouping by obtaining information about their similarity and clustering. The results of 
the chemical analysis provided persuasive evidence that the Cucuteni shell tempered pottery 
sherds from eastern Romania have different sources of provenance. 
In order to investigate the technological attributes of the Cucuteni C shell tempered pottery 
we have analysed the mineralogical transformations caused by the firing process and the 
microscopical structure. The clay mineral type and the structural deformation of the clay and 
shell temper due to firing have been studied from their Fourier transform infrared (FT-IR) 
spectra. The second derivative profiles of FT-IR spectra were used to identify various 
functional groups by discriminating the characteristic frequency of the overlapped band 
contributions in the raw data.  The mineralogical composition of the samples was determined 
by X-ray diffraction (XRD) and the mineralogical phase quantification was done by the 
Rietveld method. Further scanning electron microscope (SEM) studies on potsherds have 
been carried for inferring the microstructural transformations caused by the firing process. 
The results for the shell tempered pottery analysis were compared with previous results 
obtained on the Cucuteni painted pottery [1], [2]. 
5HIHUHQFHV: 
[1] F. Matau, V. Nica, P. Postolache, I. Ursachi, V. Cotiuga, A Stancu, Journal of Archaeological Science 40 (2), 
2013, p. 914-925. 
[2] F. Matau, V. Nica, M. Pintilei, International Multidisciplinary Scientific Conferences on Social Sciences and 
Arts SGEM, 2014, p. 381-391
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Eleni Tziamourani(1), Agni Terlixi(2), Michalis Doulgeridis(2)                               
and Athina Alexopoulou(1)
(1) Department of Conservation of Antiquities and Works of Art, TEI of Athens, Greece
(2) Department of Conservation, National Gallery – Alexandros Soutzos Museum, Athens, Greece
The Library of Congress holds a collection of standard papers about from known fibers 
made by the Technical Association of the Pulp and Paper Industry (TAPPI). This 
collection has long been used to provide methodologies to aid in the identification of 
fibers in papers found in libraries, archives and museums. The present work is focused 
on the methodology applied for the fiber analysis of reference paper samples and paper 
samples coming from original works of art using optical microscopy. It is demonstrated 
that there were differences in the recorded morphological characteristics of fibers 
before and after the application of the TAPPI Test Method T 401 om-08. To achieve 
the research objectives standard fiber samples of commercially available papers of 
known composition and manufacturing technology such as Kozu, Mistumata, Hemp 
and Gampi were observed under different lighting conditions and enlargements. 
Furthermore, the paper substrate of some original works of art was investigated; these 
works are representative examples of Greek artists of the 18th-20th century and belong 
to the National Gallery - Museum of Alexandros Soutzos, Athens. The samples were 
prepared by two methods. In the first method of direct observation, the fibers were 
removed from the paper substrates and were placed on slides; a drop of water was added 
and the samples were then stabilized with coverslips. In the second method a specific 
chemical procedure was applied according to the Test Method Tappi 401 om-08.
The comparative study of the obtained results in both cases demonstrates that the Tappi 
method usually contributes to better optical observation for the following reasons: 
There is a difficulty in the successful fiber separation both in the reference as well as in 
the authentic samples especially in those deriving from wood pulp or mixtures.              
The Tappi method T401 mo-08 provides sharper images at higher magnifications and 
records better subtle morphological characteristics. In most cases the observation of the 
fiber samples after the application of standard T 401 facilitates the recording of their 
morphological characteristics while in some cases highlights or reveals significant 
characteristics that was not appreciated before the application.  
This research has been co-financed by the European Union (European Social-Fund 
ESF) and Greek national funds through the Operational Program "Education and 
Lifelong Learning" of the National Strategic Reference Framework (NSRF)-Research 
Funding Program: ARCHIMEDES III – Investing in knowledge society through the 
European Social Fund. 
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Study of the Chinese archeological lacquer objects revealed that to obtain a solid 
lacquer layer besides of Asian lacquers a variety of other materials was used for this 
purpose from ancient time.
This research related to characterization of inorganic and organic materials of 
archeological lacquer cosmetic box with а cover decorated with gilded bronze and 
inlayed by glass, dated II B.C.-I C. (206 BC - 9 ad) of the State Hermitage Museum 
collection. 
Conservation of the cosmetic box included cleaning and consolidation of the old 
filling and retouching of the big lacquer losses. In parallel with the conservation, the 
analytical study was performed to obtain new information about the stratigraphy and 
the structure of the layers to determine the composition of the lacquer, the pigments 
used for decoration and the binder and the substrate of the ground. 
Examination of the cross-sections showed that this lacquer object had rather 
complicated structure, consisted of two ground layers and some color layers (brown 
and red). Combined use of the different analytical methods such as optical 
microscopy, SEM-EDX, GC/MS and PY-GC/MS is an appropriate analytical 
approach to detect and identify complex mixtures of inorganic and organic 
components of each distinct layer. Identification of organic materials revealed that 
mixture of urushi and drying oils was used as organic binding media together with 
various substrates and pigments in the color layers and in the ground. Results of 
SEM-EDX analysis showed that the bottom ground layer consisted of burnt bone. 
Brown earth was found in composition of upper ground layer.  
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Institute for Electromagnetic Sensing of the Environment (IREA), - National Research Council of Italy 
(CNR), Naples, Italy. (E-mail: {catapano.i, crocco.l, gennarelli.g, soldovieri.f}@irea.cnr.it) 
.H\ZRUGV Archeology, Cultural Heritage Monitoring, Inverse Scattering, Microwave Tomography GPR.  
Ground penetrating radar (GPR) is a well known geophysical technology in archaeological 
prospection and cultural heritage diagnostics due to its capability of providing high-resolution 
images (from centimeters to few meters) of the inside of the investigated region (f.i., underground 
and manmade structures). This allows to gain information about the presence location and geometry 
of embedded/buried targets, i.e. hidden objects, cracks, voids and so on. In this framework, the 
main drawback related to the use of GPR regards the low interpretability of the raw data, this makes 
it necessary the development and use of  data processing approaches based on physical based 
models of the electromagnetic scattering. 
In the last years, part of the authors’ research activities has been concerned with the development of 
2D and full 3D microwave tomographic approaches able to deal with different scenarios and 
measurement configurations [1,2]. In these approaches, the targets are searched for as 
electromagnetic anomalies with respect to the background medium and the scattering phenomenon, 
which is at the basis of the sensing, is modeled according to the Born Approximation. Hence, the 
imaging is faced as a linear inverse scattering problem and solved by using the truncated singular 
value decomposition as an effective regularized procedure.  
The performance offered by these approaches in archeological surveys and cultural heritage 
monitoring have been widely investigated and some of the most relevant cases will be reviewed at 
the conference. 
Among these examples, we  point out  the results of a GPR measurement campaign done in the 
Centaur's Domus, Regio VI, one of the most ancient housing areas of Pompeii [2]. Such a 
campaign, was carried out in collaboration with the Second University of Napoli and the 
archaeology team of the University Orientale with the aim to address archaeological excavations. In 
this case, the results of the stratigraphic analyses carried out by the archaeology team provided a 
valuable assessment of the reliability of the obtained tomographic images. Moreover we will 
present results obtained in a GPR measurement campaign recently performed at Grotte 
Dell’Angelo, Pertosa (SA), Southern Italy [3]. In this case, the collected data have been processed 
by using an approach capable of providing a full 3D images of surveyed area. In this case, the depth 
slice of the microwave tomographic reconstruction supported the expected existence of pile 
dwelling structures hidden into the surveyed regions.
5HIHUHQFHV
[1] F. Soldovieri et al., “A linear inverse scattering algorithm for realistic GPR applications”, Near Surface 
Geophysics, 5 (1), pp. 29-42, 2007. 
[2] I. Catapano et al. “Full three-dimensional imaging via ground penetrating radar: assessment in controlled 
conditions and on field for archaeological prospecting”, Applied Physics A 115 (4), pp. 1415-1422, 
2014.
[3] I. Catapano et al., “Microwave tomography enhanced GPR surveys in Centaur’s Domus, regio VI of 
Pompei, Italy”, J. Geophys. Eng, vol. 9, pp. 92-99, 2012. 
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This paper represents the results of examination of painting materials of polychrome and 
monochrome painted pottery of Eneolithic Agrarian European Cultures. The study of the settlements 
of the agrarian Trypollian and Lublin-Volhynia cultures provides important insights into the 
early history of Europe. The Trypollian culture, which existed in the present-day southeastern 
European nations of Moldova, Romania, and Ukraine during the Eneolithic Age and Copper Age,
from approximately 5500 to 2750 BC, left behind thousands of settlement  ruins  containing 
of archaeological artifacts.  Pottery covered by polychrome and monochrome painting is one of the 
most marks of this culture. Eneolithic Lublin-Volhynian Culture, which located in a historical region 
on northwestern Ukraine and southeastern Poland, coexisted with Trypillian culture. Pottery covered   
by white monochrome ornament was a characteristic for this culture.  
In spite of the neighborhood, the results of archaeological excavations have revealed a large 
difference in the production of pottery. So a large number kilns which had various constructions 
were found in the settlements of Trypillya, no kilns have been found on the territory of Lyublin-
Volhynya. On the base of these findings it have been assumed that the firing was carried out in 
special holes in the settlements of Lublin- Volhynya, this type of firing did not allow to reach high 
roasting temperature. 
To compare painting techniques of different Eneolithic places an examination of structure and 
painting materials used to paint pottery which was found in number of Trypollian and Lublin-
Volhynian settlements was fulfilled. Investigations of the cross-sections by means of optical 
microscopy and SEM-EDX permitted to identify a composition of colors and to show that 
ornaments were applied on the surface of pottery after firing. Presence of the engobes was found on 
the part of the pottery; in this case painting was laid over the engobe. A number of ceramic objects 
didn’t have engobes, and colors were applied directly on the clay mass.  
Composition of binding media was study by means of GC-MS. It have been observed that all 
reviewed painting ceramic from all investigated Tripollian settlements had the same composition of 
organic materials, but the binding of Lublin-Volhynian colors was different composition. The 
Chromatographic profile of the proteinaceous and lipid components showed that egg was used for 
binding of painting of Tripollian settlements. Detection of odd-numbered fatty acids suggested 
presence small quantity of animal fat.It was detected that in the case of pottery from Lublin-
Volhynian settlement the engobe was absent and beeswax was used as binding of white ornament of 
pottery. 
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Studies of salt effects were conducted on three types of stones: marble stone samples from 
Elefsis, Greece, and two types of soapstone samples from Grytdal, Norway. The stones types 
were used for construction of columns at the archaeological site of Elefsis and Nidaros 
Cathedral Church in Trondheim, respectively. These studies are part of a broader attempt to 
computer simulate architectural stone erosion/weathering, which  can be used to reconstruct 
earlier and predict future appearances of stone monuments based on weathering effects such 
as salt, acid and freeze-thaw. For simulating accelerated salt weathering a low cost, small-
scale automatic chamber was constructed using off-the shelf components for the control 
system. The stone samples were characterized before and after weathering using a range of 
analytical techniques including Quantitative Evaluation of Minerals by Scanning Electron 
Microscopy (QEMSCAN), 3D Microscopy, Scanning Electron Microscope and Energy 
Dispersive X-Ray Spectrometry (SEM-EDX), Micro Computed Tomography (Micro-CT), X-
Ray Diffraction (XRD) and Petrography. Here we report these physicochemical 
characterizations in the accelerated weathering studies of the stones. This work is part of the 
PRESIOUS EU project (www.presious.eu).  
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The compositional analysis of silicolites of different provenance by Infrared (IR) and Raman 
vibrational spectroscopy methods taking into account the type of raw material and artefacts 
categories permitted the description of Upper Paleolithic population from Romanian Plain 
concerning the areal, techniques and predominant raw material exploitation. In the past 
researches it was established that a large number of raw lithic material and a very small 
number of tools are found at Giurgiu -Malu Rosu settlement [1,2]. Despite this, the tools were 
obtained by a good Upper Paleolithic technique and the huge quantity of rests is related to the 
quality of the used raw material.  
Vibrational spectroscopy analysis are fast, low cost, non destructive and may be performed in
situ by portable instruments [3]. Equipment and analysis parameters were: Jasco NRS-3100 
micro Raman spectrometer (laser of 785 nm, resolution 1 cm-1, 5 to 10 accumulations) and 
FTIR & FT-Raman (laser of 1064 nm, power 1-500 mW) Bruker Vertex 70 spectrometer with 
diamond crystal ATR unit and  Helios micro DRIFT and ATR accessory (resolution 4 cm-1).
The identification of minerals from the Raman bands: D-quartz (465, 206 and 128 cm-1), 
moganite (502 cm-1), calcite (713, 1086 and 281 cm-1), anatase (397 and 515 cm-1) and 
aragonite (1086, 706 and 155 cm-1) was made. The small shifts in the D-quartz vibration 
bands position and the D-quartz:moganite bands intensity ratio can be used for provenance 
studies. Possible sources of raw material, established previously, are the Frăteşti Formation 
and Danube’s terrace deposits. In the Raman spectra of 0 type silicolites the presence of the 
396 cm-1 peak of anatase titanium dioxide, a heavy mineral of earths may indicate a raw 
material of higher quality. From the micro DRIFT spectra resulted that the 0 type silicolites 
have a more homogeneous composition and lower content of organic rests than the $ type 
silicolites. The ATR techniques of analysis had the poorest sensitivity. 
The heterogeneous composition of Giurgiu-Malu Rosu flint industry and different 
mineralogical constituents of $ and 0 major types of silicolites were emphasized. The 
physicochemical properties of the raw material can be correlated with the characteristics of 
the flint industry. The wide heterogeneity of raw material and high percentage of “lower 
quality” silex could explain the vast quantity of rests. The flint industry of Giurgiu-Malu Rosu 
belongs to an Upper Paleolithic facies characteristic to the Romanian Plain. 
[1] E. Alexandrescu, S. Balescu, A. Tuffreau, L’Anthropologie 108, 2004, 407. 
[2] E.D. Alexandrescu, Arhaeocharts, 2012, http://aniri.ro/arheo/index.php 
[3] V. Fernandez, S. Jorge-Villar, C. Capel Ferrón, F.J. Medianero, J. Ramos, G.-C. Weniger, S. Domínguez-
Bella, J. Linstaedter, P. Cantalejo, M. Espejo and J.J. Durán Valsero, J. Raman Spectrosc. 43, 2012, 1651.
[4] E. Alexandrescu, I. Stanculescu, I. Matei, Proc. 4th Balkan Symposium of Archaeometry, 27-30 September 
2014, Nessebar, Bulgaria (in press)  
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Firing analysis have been carried out on the coarse wares (1817±84, thermo-luminescence 
date), sampled in archaeological site of Qizlar Qal'eh in Gorgan plain, northeast of Iran. The 
presence of Benthic and Planktic foraminifera with altered structure occurred in the 
investigated samples enables us to estimate the firing temperature in the ceramics containing
microfossils. The decomposition of the microfossils structure have been analyzed by optical 
microscopy and powder X-ray diffraction. The results of these analytical techniques in
geosciences show significant changes of the microfossils structure wall depending on the 
firing temperature. Mineralogical composition suggest two different firing temperatures of the 
ceramics containing microfossils. In two coarse wares, the changes observed in the structure 
of the microfossils include the secondary lamination on the earlier exposed chamber walls.
This study on thermal behaviors of microfossils contents in the archeological ceramics
indicate that aragonite structure present in foraminifera transforms into calcite after heating at 
400 ̊°C. However, the decomposition of calcite in an investigated sample suggested a firing 
temperature between 650 and 850 °C.
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Neutron techniques already demonstrated to be able to provide useful information in the field 
of archaeometry and diagnostics applied to cultural heritage. In the last years we employed 
different neutron-based techniques to characterise pre-Roman coins from northern Italy in 
order to estimate their silver content and evaluate the debasement occurring among the first 
and latter emissions [1]. Neutron techniques have been selected because they provide bulk 
analyses, overcoming the problem of surface silver enrichment typical of this kind of samples. 
For this purpose two different techniques, based on two different principles, have been 
selected: time-of-flight neutron diffraction (TOF-ND) and prompt gamma activation analysis 
(PGAA). For TOF-ND we used the INES diffractometer at the ISIS facility (Rutherford 
Appleton Laboratory, UK), while for PGAA we used the NIPS station at the Budapest 
Neutron Centre. In this contribution a comparison will be presented, providing results 
obtained on the same silver standards and 
coins with the two techniques. The main 
differences among the techniques are the 
analysis time (shorter for activation) and the 
amount of information (higher for 
diffraction). In fact with PGAA elemental 
content are directly obtained, while with 
diffraction one can determine both the phase 
weight fractions and the elemental content 
inside each phase. From these data it is 
possible to extract the elemental content. 
All  the  results  for  standards  and  coins,  
shown  in  Fig.  1,  are compatible  within  
the  experimental  errors, allowing for the 
analysis of ancient silver coins with both the 
techniques obtaining comparable results. 
 [1] J. Corsi et al., JAAS, 2015, DOI: 10.1039/c4ja00398e 
Acknowledgements: this project has been supported by the Cooperation Agreement no. 06/20018 between CNR 
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Fig 1. Comparison between neutron diffraction (TOF-ND) 
and activation (PGAA) data for standards and coins. 
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Archaeometrical investigation on polychrome glazed 
bricks from Tol-e Ajori (Fars, Iran) 

Maria Letizia Amadori1, Pierfrancesco Callieri2 Alireza Askari Chaverdi3,
Paola Fermo4, Gianluca Poldi 5
 1Department of Basic Sciences and Fundamentals, University of Urbino, P.zza Rinascimento 6,Urbino 
2Department of Cultural Heritage, University of Bologna, Via degli Ariani, Ravenna 
3University of Shiraz (Iran) 
  4Departement of Chemistry, University of Milan, Via Golgi 19, Milano 
5Visual Art Centre, University of Bergamo, Via Pignolo 123, Bergamo 
Glazed bricks are an important element in Achaemenid royal art and architecture. According 
to archaeological evidence this technique was widely used from the beginning of the reign of 
Darius the Great, about late 6th century BC [1]. 
Aim of this study was the characterization of the polychrome glazed bricks coming from the 
archaeological excavations of Tol-e Ajori  (Fars, Iran). Between 2011 and 2013 at Tol-e 
Ajori, near the center of Persepolis, a structure built in in mud-bricks and fired bricks, with a 
facing of glazed bricks was brought to light. In the outer face of the walls and in the collapse 
materials decorated and glazed bricks were found showing parts of figurative motifs in relief 
very similar to the bricks from Babylon’s Ishtar Gate.
The mineralogical and chemical composition of glazed coatings applied on the bricks surfaces 
have been studied by non-invasive (visible reflectance spectrometry, X-ray and micro X-ray 
fluorescence) and micro-invasive analytical techniques (optical microscopy, scanning electron 
microscopy with energy dispersive spectroscopy, X-ray diffraction, X-ray fluorescence 
spectroscopy).
The baked bricks of Tol-e Ajori were produced using local calcium rich clays from an area 
near to the site.
A further goal of the present study was to verify whether the production of polychrome glazed 
bricks followed techniques of Babylonian and Elamite traditions. The alkaline glazed coatings 
applied on the bricks are similar to those present on the bricks from the Achaemenid 
monuments at Susa. In particular calcium antimonate has been employed for the white, lead 
antimonate for the yellow and the orange, iron oxides for babilonia the green and copper 
based compounds and cobalt or copper/cobalt for the blues. Tol-e Ajori glazes composition 
was compared with that of polychrome glazes from Susa and Babilonia [2,3]. As concerns the 
blue color the presence of cobalt alone is a peculiarity of Tol-e Ajori, not found in the other 
sites.
[1]  S. Razmjou 2004, Persien Antike Pracht, with contribution by M.S. Tite, A.J. Shortland, M. Jung & A. 
Hauptman, eds. T. Stoellner, R. Slotta and R. Vatandoust, Deutsches Bergbau-Museum, Bochum, Germany: 
382-393.
[2] P.Holakooei 2014,  Archaeometry (56), 764 
[3[ P.Holakooei 2013, Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy (116), 49 

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20785
Since the early 1990s, nine lines of water-mixable oil (WMO) artists’ paints have been 
introduced to the market. WMOs are formulated from traditional oils with the addition of 
water and oil miscible components (e.g. emulsifiers, surfactants, stabilizers, dispersants, 
thickeners) [1]. The additives allow the paint to be thinned and cleaned using water, 
eliminating the use of hazardous solvents (e.g. turpentine). A variety of issues have been 
reported for contemporary oils that seem to depend on manufacturer and decade produced 
(e.g. metal soap efflorescence, magnesium sulfate formation, delamination, liquefaction) [2-
4]. Little is known about how the chemical and physical properties of WMO paints compare 
to these contemporary oils. As a first step to investigating WMO long term behavior, we are 
developing methods to identify their presence in works of art. We have used a multi-
analytical approach to fully characterize Grumbacher Max WMOs and compare them to 
Grumbacher Pre-tested oils using Fourier-transform infrared spectroscopy (FTIR), x-ray 
flourescence spectroscopy (XRF), Raman spectroscopy, and gas chromatography- mass 
spectrometry (GC-MS). Combination of the techniques allowed us to identify the additives
aluminum and zinc stearates, aluminum hydroxide, castor wax, and the emulsifier, Atlas 
G1086 (polyethoxyethylene sorbitol hexaoleate), which is used in Grumbacher WMO 
formulations. GC-MS  results showed there was no consistency in the P/S ratio for a given 
line due to the variation in formulations, specifically the addition of free palmitic acid and/or 
metal stearates to different colors. Therefore, the P/S ratio will not help distinguish between 
Max WMOs and Pre-tested oils. Atlas G1086 includes oleate moieties, but an increase in the 
O/S ratio was not found for the Max line. Therefore, using the O/S ratio does not help 
distinguish between Max WMOs and Pre-tested oils. Since fatty acid ratios are not indicators 
between the lines, focus has turned to detection of castor wax and Atlas G1086. We are also 
investigating the long term stability of Atlas G1086 and its possible reactions in the paint 
films using GC-MS and FTIR. 
[1] G. Chambers, W.M. Hoyte, G.J. Stegmeir. Water reducible artists' oil paints compositions. Patent, U. S. 
5,312,482. 1994.
[2] A. Sawicka, F.C. Izzo, K.J. van den Berg, A. Burnstock. Metal soap efflorescence in contemporary oil 
paintings. In: Issues in Contemporary Oil Paint. Cultural Heritage Agency Ministry of Education, Culture and 
Science. 2013, 99.
[3] D. Rogala, S. Lake, C. Maines, M. Mecklenburg. Condition problems related to zinc oxide underlayers: 
examination of selected abstract expressionist paintings from the collection of the Hirshhorn Museum and 
Sculpture Garden, Smithsonian Institution. Journal of the American Institute for Conservation, 49, 2010, 96-113.
[4] J. Schulz. Liquefying oil paint: contemporary paintings in danger? In: 16th Triennial Meeting ICOM 
Committee for Conservation, Lisbon, 19-23 September 2011.
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F. Valentini(1), A. Boaretto(1,2)  
(1) Dipartimento di Chimica, Università degli Studi di Roma Tor Vergata, via della Ricerca Scientifica 1, 00133 
(1), (2) CAPES Fundation, Ministry of education of Brazil, Brasilia – DF 70040-020, (Brazil) 
Recently nanomaterials are applied in the restoration and conservation of Cultural Heritage 
because of several analytical advantages could be obtained thanks to their excellent chemical-
physical, mechanical and engineered features. A great deal of nano-scale objects, as: 
nanoparticles, nanogels, nanofoams, nanosponges, nanopolymers are very useful for the 
cleaning of the art-work surfaces, restoration and conservation of wall paintings, marble 
stones, plasters, metallic surfaces and glass mosaic tesserae[1]. Also for the deacidification of 
the ancient damaged paper, containing iron gall inks, and the preservation of parchment and 
canvas new nano-scale objects are easily synthesized and applied on these art-work 
surfaces[2].  
In this paper we report two cases of study, where damaged plaster samples, collected from 
two historical Italian places, as: Palazzo Alessandro Lancia (in Rome) and Villa Campo Lieto 
(Miglio D’oro, Ercolano Napoli) were consolidated by using nanomaterial based strategies. 
Three different nanostructured materials have been used, as: CaCO3 nanoparticles (s a filler of 
the damaged plaster samples); Ca(OH)2 nanoparticles (as consolidating agent) and a new 
enzymatic carbonation route, catalyzed by the carbonic anydrase enzyme. Especially this 
latter approach has been performed, for the first time, following two different strategies:  the
enzyme was applied in liquid phase (using the specific buffer medium to guarantee the 
highest enzyme activity); 2. the enzyme was applied in an heterogeneous phase, immobilizing 
the biological catalyst on the graphene oxide nano-sheets. The analytical performances in 
terms of the restoration and conservation efficiency are reported and discussed (especially 
using the -Raman analysis). A comparative study has been also carried out with the data 
collected using the conventional/traditional approaches[3], usually applied by the restorers 
and conservators (end-users) in the consolidation field of the plaster surfaces. 
Keywords: Nanomaterials; consolidation procedures; plaster samples; bio-catalysts; carbonation events; Italian 
historical places 
[1] D P. Baglioni, Rodorico Giorgi, (Review Article) Soft Matter, 2, 2006, 293-303. E R. Giorgi , M. 
Baglioni , D. Berti and P. Baglioni, Acc. Chem. Res., 43 (6), 2010, 695–704. 
[2] R. Giorgi, L. Dei, M. Ceccato ,C. Schettino, and P. Baglioni, Langmuir, 18, 2002, 8198-8203.
[3] D S. Vicini, A. Mariani, E. Princi, S. Bidali, S. Pincin, S. Fiori, E. Pedemonte and A. Brunetti, Polymers 
for Advanced Technologies, 16 (4), 2005, 293–298. (b): J. Brus, P. Kotlík, Studies in Conservation, 41(2), 1996, 
109-119.
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Road, Cambridge, CB2 1EW, United Kingdom
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(a) Current address: Chair for Forest Biomaterials, University of Freiburg, Werthmannstrasse 6, 79098 
Freiburg, Germany
Liquid extraction of polyethylene glycol (PEG) and subsequent chromatographic analysis is 
the most common method for the determination of consolidant penetration during and after 
the conservation of waterlogged wooden artefacts [1]. While large objects are rather 
impervious to multiple samplings over months and years the same cannot be said for smaller, 
one-of-a-kind objects, which may be irreparably damaged by sampling. One can, of course,
assume that by using long conservation times, sufficient penetration will be achieved and 
therefore quantitative determination is not necessary. Insufficient consolidation can, however,
lead to irreparable damage of a wooden artifact during the freeze-drying process, damage that 
can lead to the destruction of the artifact completely, making quantitative determination of 
consolidant penetration an important step in the conservation process.  It is for this reason a 
non-destructive method for the determination of consolidant concentration in situ in wooden 
samples is needed.  
We have previously developed a method to monitor polymer diffusion within wood using 
time-resolved laser spectroscopy (TRS) in the near infrared region, which has allowed for the 
non-destructive analysis of concentration and location of polymer consolidants in fresh wood 
timbers [2]. This method is built on a similar method for the analysis of the diffusion of gases 
in wood [3]. Using this knowledge developed from polymer and gas diffusion in fresh wood 
we have applied this method for the analysis of consolidants in archaeological wood. We have 
compared the concentration determination of the consolidant within the wood using this non-
destructive spectroscopic method with the standard extraction/chromatographic analysis 
method and the data will be presented here. We have also analysed different wood types 
(fresh and archeological, pine and oak) and from different archaeological finds to demonstrate 
the versatility of this technique. Using TRS we were able to estimate the weight % of 
consolidant within treated artefacts with a high degree of correlation leading us to believe that 
this would make a useful inclusion in the conservation science toolbox.   
[1] Z. Walsh, et al., Studies in Conservation, 2014, doi: 2047058414Y.0000000149 . 
[2] A. Farina, et al., Optics Letters, 39(2) 2014, 228-231
[3] C. D’Andrea, et al., Applied Spectroscopy, 62(5) 2008, 569-574
[4] C. D’Andrea, et al., Applied Optics, 48(4) 2008, B87-B93
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The preservation of the Libraries represents an important research field to investigate in order 
to stabilize the historical paper documents, protecting these art-work objects from the 
corrosive iron-gall ink effects [1]. According to the literature [2], actually it seems that the 
best analytical strategies for an efficient and no-invasive de-acidification procedure (carried 
out by brush on the paper substrata, having iron gall inks) is represented by the application of 
a solution of the calcium propionate[2]. In this study, we present the best analytical results in 
terms of pH values, colorimetric parameters and morphology obtained on the inked paper 
manuscripts, treated by using Calcium Propionate nanoparticles (dispersed in alcohols, as 
working medium), if compared with that collected by applying the traditional methods, 
widely reported in literature[1]. A possible explanation of these results seems to be related to 
the exciting chemical-physical properties of the nano-scale objectives, as: their nano-
dimensions that strictly influence the controlled release of the chemical agents (i.e. nano-
reserve) responsible for the molecular de-acidification effects; the optical features (exhibited 
at the nano-scale levels) that are able to minimize the effects of yellowing and aging on the 
treated papers, and finally, the shape/size ratio of calcium propionate nanoparticles that 
guarantees a complete entrapment of the colloidal nano-objects into the typical network 
structure, made of the cellulose microfibers. Our results are better than that described in 
literature[3] where the Ca(OH)2 nanoparticles have been applied for the inked paper de-
acidification, although the Calcium Hydroxide should not be used because of it is prohibited 
from the Capitolato speciale tecnico tipo per il restauro del libro e del documento con 
smontaggio, 2005 [1].  
In conclusion, it should be noted also that Calcium Propionate based nano-colloids result 
highly biocompatible towards the end-users (as restorers and conservators) according to the in 
vitro tests, performed during this study.  
.H\ZRUGVnanoparticles; nanodispersions, iron gall inks; ancient manuscripts; de-acidification and pH; ageing  
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Hybridization of a 3D Printer for Automated Multispectral 
Mosaic Imaging and Spectroscopy 
S. Stout(1), J. Strawson(1), E. Lo(1), D. Meyer(1), and F. Kuester(1) 
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In choosing a motion stage to automate the process of taking ultra high resolution mosaics of                
planar artworks, we discovered that existing commercially available imaging systems lacked flexibility            
and customizability. Instead, we chose to hybridize an existing 3D printer to create a customizable, yet                
fully functional, multispectral imager. This offers us the convenient feature of being able to rapidly               
print mounts for new sensors on the imager itself while still having the accuracy of a high precision                  
motion stage for autonomous mosaic imaging.  
The 3D printer of our choice is a 3DP1000 by 3DP Unlimited which provides the unique                
combination of a large range of motion with the fine resolution necessary for printing precision               
components and the robustness to support large imaging devices. The one square meter imaging area is                
sufficient for the vast majority of planar paintings and yet the 0.07mm motion stage resolution provides                
the precision necessary to 3D print small components. Even more useful than the large imaging area is                 
the half-meter range of motion of the vertical axis. This allows for a wide range of commercial                 
lightboxes to be used for the necessary backlighting during transmission imaging. This also allows the               
painting to be placed on other large platforms such as an X-ray digital screen for the acquisition of                  
radiographs. As we expand the range of sensors we can support with this flexible and customizable                
platform, we only need to print new brackets on the device itself.  
For this particular project we chose two different sensors. Firstly, we use a Nikon D810               
modified for full-spectrum acquisition with a 200mm macro-capable lens in combination with several             
band-pass filter. This sensor provides 24 micron wide pixel density over the entire area of the painting                 
once the mosaic is stitched. We also employ a Bruker III-V portable X-ray Fluorescence spectrometer               
that can be precisely positioned for point-based elemental analysis. The combination of these two              
techniques in the diagnostic evaluation of works of art is exceedingly common, and therefore they were                
chosen for the first test case scenario. 
For the initial test case, we have selected 5 panels from the Chinese artist Huang Binhong from                 
the collection of the Mozhai Foundation in San Francisco, CA. These are scrolls on rice paper executed                 
mainly with watercolor and black pigment laid in pine oil. The fact that these are painted upon rice                  
paper provides a useful test case for transmission imaging. Furthermore, since this typology of artwork               
has undergone few technical studies, these will be the first ultra high resolution images taken for                
analysis on immersive visualization environments. 
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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This study concerns archaeological glass belonging to the Late Antique period, found in the 
ancient hospital of Santa Maria della Scala (centre of Siena) and in Donoratico (Livorno) in 
Italy. The hospital was one of the oldest and largest hospitals in Europe and one of the first 
xenodochi (free hospice for pilgrims and travellers). Donoratico is located in the town of 
Castagneto Carducci, in the province of Livorno (Tuscany). 49 glass samples, originating from 
both archaeological sites, were analysed by means of LA-ICP-MS, yielding both major, minor 
and trace element compositions. This composition is determined by the raw materials that were 
used in the glassmaking process. The aim of these measurements is to identify the working 
processes and possibly glassware trade in Italy during the transition time between the end of 
the Roman era and the Middle Ages. 
All glass samples could be classified as mineral silica soda-lime glass. On the basis of iron and 
lead content, three subgroups were identified: (1) a high iron (and low lead) group (HFe), (2) 
a high lead (and low iron) group (HPb) and a low lead (and low iron) group (LPb). At the 
Donoratico site, both LPb and HPb glass samples were found while at Santa Maria della Scala 
all three groups were encountered. In all three groups the silica source was found to match the 
sand from the Levantine coast, based on the REE signature. The HFe and LPb groups can be 
classified as High Iron, Manganese and Titanium (HIMT) glass, with no clear evidence for 
recycling or remelting in the HFe group; in the HPb group the opposite may be the case. The 
LPb glass samples are related to the Levantine I glass type. 
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Liquid chromatography - a powerful tool for radiocarbon 
dating of the Paleolithic of Eurasia
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The period from about 70,000 - 45,000 years ago sees the final dispersal of anatomically 
modern humans out of Africa, colonising the Old World and Australia, and the disappearance 
of Neanderthals from the areas they had occupied for the last 200,000 years. Our knowledge 
of this period of prehistory has improved dramatically in recent times. We now know through 
ancient DNA research that modern humans and Neanderthals probably interbred prior to the 
wider dispersal of modern people. The exact timing of the dispersal and extinction and the 
duration of the suggested overlap or other archaic hominis living in Eurasia remain uncertain 
[1].
The PalaeoChron project is a 5 year research programme based at the Research laboratory for 
Archaeology in Oxford, funded by the ERC. It aims to refine and improve the chronology of 
Palaeolithic sites from western Europe to Siberia. For this period, there are often problems in 
dating chronological sequences due to the lack of material available related to human 
occupation such as bones, charcoal, sediments or flints, but contaminant is probably the most 
significant barrier to progress. 
Radiocarbon dating is the most widely used scientific dating method and the Oxford 
Radiocarbon Accelerator Unit (ORAU), where all radiocarbon measurements of the 
PalaeoChron project are produced, is the world's leading radiocarbon facility specializing in 
archaeological dating [2-4]. The radiocarbon method allows for the dating of bones, charcoals 
and shells up to 50 000 years old. The contamination of samples by organic molecules from 
the depositional environment or conservation materials applied later in museums is a key 
issue to consider in reliable 14C dating. Sometimes the removal of these exogenous materials 
is not possible using routine collagen purification methods (4). In these cases, more 
discriminating compound specific approaches are required. This paper will give an overview 
of the scientific approach we use to pretreat heavily contaminated, and low collagen preserved 
bones, utilising single amino acids isolated by High Performance Liquid Chromatography 
(HPLC) to provide demonstrably contaminant-free compounds from bone [5,6]. Selected 
examples will be given to illustrate the impact of these analytical developments on the 
accuracy of dates obtained for Palaeolithic sites such as the dating of human remains from 
Kostenki 14 and Sungir (Russia). 

[1] Thomas Higham, et al, Nature, 512, 2014, 306–309 
[2] Fiona Brock, Vincent Geoghegan, Benjamin Thomas, Kerstin Jurkschat, Thomas Higham, Radiocarbon, 
55(2-3), 2013, 445-463 
[3] Fiona Brock, Thomas Higham, Christopher Ramsey, Journal of Archaeological Science, 37, 2010, 855-865 
[4] Fiona Brock, Thomas Higham, Peter Ditchfield, Christopher Ramsey, Radiocarbon, 52(1), 2010, 103-112 
[5] James McCullagh, Anat Marom, Robert Hedges, Radiocarbon, 52(2-3), 2010, 620-634 
[6] Anat Marom, James McCullagh Thomas Higham, Andrey Sinitsyn and Robert Hedges, PNAS, 109(18), 
2012, 6878-6881
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A new system allowing the simultaneous measurement of C, N content, stable isotopic ratios 
by IRMS (Isotope Ratio Mass Spectrometry) and radiocarbon age by AMS (Accelerator Mass 
Spectrometry) has been designed and installed at CEDAD (Centre for Dating and 
Diagnostics) at the University of Salento in the frame of the IT@CHA project. 
Indeed there are several different research fields in which IRMS and AMS supply highly 
complementary information. A surely non exhaustive list includes the analysis of ancient diet 
regimes aimed at excluding possible offsets in the radiocarbon ages and the use of variations 
in stable carbon isotopic composition in radiocarbon dated environmental proxy records to 
infer information about past climatic fluctuations. 
The new system consists of an Elementar Analyzer (EA), an IRMS spectrometer and a gas 
handlging interface. The EA performs the combustion of solid samples and the measurement 
of the carbon and nitrogen content by detecting the different species evolving from the EA 
gas chromatographic columns at different times. The carbon dioxide, produced from the 
sample, is then split in two aliquots one of which  is sent to the IRMS spectrometer for the 
measurement of δ13C and δ15N and the second to a gas handling interface. The gas handling 
interface, fully designed and built in house,  is used to concentrate CO2 in He used as carrier 
gas and to inject it in the ion source of the AMS system with a controlled flow rate and time. 
In order to test the new system the existing sputtering source of the AMS system, initially 
designed only for solid target, was modified in order to allow the measurement of both solid 
and gas samples. For this purpose a gas feeding line was designed and implemented on the 
ion source together with a modified version of the target holders which have been adapted to 
host the titatium insert needed for the sputtering of gas samples.   
In the paper the general design features of the new set-up will be presented together with the 
performance tests performed by analyzing both standard materials and unknown samples of 
different origin and age. These tests fully demonstrated the functionally of the system on a 
wide range of sample masses from 8 μg to 2 mg on different materials such as sucrose, wood 
and bone collagen. Experimental results demonstrated the possibility to obtain reliable 
radiocarbon ages and accurate C/N, carbon and nitrogen stable isotope ratios on the same 
sample in about 20 minutes of analysis. 
Further improvements are also presented and consisting in the installation of a new ion 
source, designed in collaboration with the Ion Beam Physics Group at ETH, Zurich in order to 
improve the overall yield of the ion source for gas samples.     
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The investigation of historic stained glass panels is an interdisciplinary challenge for 
researchers due to a complexity of those objects. Many of them consists of elements from 
different centuries, additional borders, glazings, etc. Moreover during former conservations 
some of original glasses were replaced or repainted. The comparative analysis of historic 
glass composition and understanding of corrosion phenomena is vital for dating and 
determining the origin of the object. X-ray fluorescence (XRF) spectroscopy, as an non-
invasive characterization technique, is often used in the investigation of historical glass.  
Herein, we present the results of the study of medieval stained glass windows from two Polish 
collections: one from a Piast castle in Grodziec (Lower Silesia), dated on 15th century and 
second from Dominicans Convent in Krakow (13th- 15th c.).  
The composition and corrosion products of historic glass was determined by means of 
spatially resolved XRF spectrometer (M6 JETSTREAM, Bruker) and portable XRF 
spectrometer (Tracer III SD, Bruker). To obtain the possibly full set of composition data with 
particular stress on light elements identification, in some measurements, helium atmosphere 
was used. The study revealed that some of stained glasses have composition characteristic of 
northern medieval glass (potash-lime-silicate) while other pieces could be dated on 17th and 
19th century (sodium and lead glass, respectively). Surprisingly, in the original paint layer of 
Grodziec panels, Fe was used for painting of decorative motifs whereas Cu was found in a 
more precise drawings like, for example face or cloth details. We also observed different 
corrosion processes and its products as gypsum or dark areas, caused by manganese 
oxidation. 
The possibility of using combined XRF systems permitted the complete analysis of chemical 
composition which enables the definitive designation of the provenance of these important 
panels, its history and age. 
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The Villanovian village “Gran Carro” in the Bolsena Lake, one of the few remnants of that 
period in the Latium region, is well known from the archaeological point of view. During the 
archaeological excavation in 2012 wooden disks were taken from the poles which were the 
loading structure of the village. The poles have assumed a different hat-like shape during the 
centuries due to a different level of wood degradation and to the original wood characteristic, 
especially as regards the age of the original trees and the sapwood/heartwood ratio. The most 
part of the wood remnants results belonging to oak species (4XHUFXV ssp.) of different 
subgenus, cerris and robur. Physical and chemical characterisation was carried out in order to 
establish the wood degradation degree, according to a radial gradient which spans from pith to 
the external part of the original timber. Physical parameters such as maximum water content 
(MWC), density, residual basal density (RDB) were measured. Mechanical parallel-to-grain 
compression strength tests were performed in some samples. The main constituents as lignin, 
cellulose and ashes were derived by thermogravimetric analysis (TGA), and elemental ash 
content was measured by SEM – EDX analysis. The methodology of TGA has proven to be 
very successful to asses wood degradation, according to the position along the radial direction 
of the disk. The correlation between the physical and chemical parameters was discussed. 
 

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University, BP 2202 – Route Imouzzer, Fez, Morocco. 
(2)Universidade Nova de Lisboa, LIBPHYS-UNL, 2829-516 Caparica, Portugal
This work was focused on monitoring the endurance of restored Moroccan manuscript papers 
during artificial aging process. Over time, manuscript papers stored in libraries undergo 
irreversible physical and chemical changes mainly due to degradation of cellulose. Sixty 
samples of restored Moroccan manuscript papers aged 150, 233, 366, and 500 years, and 
Japanese paper used in the restoration, were weathered with two procedures; in a dry heat 
environment (90 ± 2° C) and in moist heat aging conditions (100% relative humidity, 90 ± 2° 
C) for 1, 3, 7, 21 and 28 days. The accelerated aging conditions were adjusted to achieve 
maximum effect on the conservation state of the paper. 
The monitoring of the aging process was performed using ATR-FTIR spectroscopy and X-
Ray diffraction. FTIR method allowed identification of major structural changes of cellulose 
including the alteration of intra- and intermolecular hydrogen bond networks under dry heat 
aging, as a result of  the desorption of water molecules. Considerable changes were observed 
in humid environment giving rise to new vibration at 1740 cm-1 corresponding to the carbonyl 
groups (C=O) due to the oxidation of cellulose chains. The decrease in the intensity of the 
bands at 1425, 1370 and 900 cm-1 indicates an intense reduction in cellulose crystallinity of 
all restored manuscripts subjected to the two aging tests.  Monitoring by X-ray diffraction 
(XRD) showed that regardless of the type of aging procedure applied (dry or moist heat), the 
crystal phase of native cellulose remains intact in all the weathered manuscripts papers. 
However, the obtained X-Ray diffractograms showed that the restoration treatment applied 
does not preserve the crystallinity of paper as the aging process progresses.
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Madonna del Piano 10, 50019 Sesto Fiorentino (FI),Italy 
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The aim of this study is to carry out a technical analysis , to examine the condition of 
the oil painted 19th Century dome in Cairo (1881) and is to assess the influence of the 
environmental conditions (Temperatures, humidity and pollutants) on the stability of 
the paints. Cross-sections, Fourier Transform Infrared Spectroscopy (FTIR) and X-
Ray Florescence (XRF) were carried out to identify painting materials. Monitoring of 
the environmental conditions (RH, T, SO2, NO2, O3) were performed using data 
loggers (Onset-Cape Cod, MA, HOBO U12) and gas samplers (Gradko passive 
samplers DIF 500 RTU for NO2 and SO2, and DIF 300 RTU for O3, Winchester, 
UK) to establish if there is any relationship between the uncontrolled indoor 
environment and the deterioration phenomena. Further investigations will include the 
characterization of the degraded painting materials using non-invasive portable 
analytical techniques applied on reference samples and the pigments of the historical 
dome using Multi-spectral imaging and CIE L*a*b* colorimetry with an X-Rite Exact 
(Poynton, UK) portable spectrodensitometer.
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The most commonly used consolidants for restoring carbonate historic materials are lime 
nanoparticles dispersed in different solvents (mainly in iso-propanol or ethanol). However, 
these consolidants have some deficiencies, such as whitening of the surfaces, limited 
solubility, high alkalinity, high sensitivity to the humidity during the application, etc. In 
general the main problem with used calcium based consolidants is their low penetration depth 
into substrate (up to 1 mm) due to low solubility of calcium carbonate in water. For this 
reason new consolidant based on the soluble calcium compound has been developed [1]. The 
main advantage of the new consolidant is deeper consolidation, where re-cohesion between 
the particles of deteriorated historic materials is established, compatibility with carbonate 
based substrates and good appearance without any change on the surface of the historic 
material. Newly developed consolidant decomposes to amourphous CaCO3 during
consolidation which furthermore transforms to vaterite and finally to calcite crystal structure.
FT-IR spectroscopy along with X-ray diffraction and field emission scanning electron 
microscopy were used for examination of the influence of different parameters (temperature, 
relative humidity, etc.) on the rate of decomposition of the consolidant into CaCO3 and further 
transformation into vaterite and calcite phase. FT-IR spectroscopy allows fast and precise 
determination of the crystalline phase of crystal structures of CaCO3.
It was found that the temperature and relative humidity had significant effect on the 
decomposition of calcium precursor and further transformation into vaterite and calcite crystal 
structure. Vaterite transformation into calcite proceeded much faster in aqueous media than in 
all-solid-state systems and was also accelerated by the use of different catalysts.  
The research leading to these results has received funding from the European Union Seventh 
Framework Programme [FP7/2007-2013] under grant agreement n° 282992.
[1] L. Škrlep, A. Pondelak, A. Sever Škapin. International application no. 
PCT/SI2014/000028. [S. l.]: Europen Patent Office (EPO) (ISA/EP), 2014. 
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Elemental mapping by laser ablation - ICP-MS was performed on 17th century paint cross-
sections of two Dutch masters (Hendrick Avercamp and Caesar Boetius van Everdingen) and a 
Chinese coromandel lacquer and paint on wood (unknown artist) to study the composition of the 
blue pigment smalt. Smalt is a potassium silicate glass coloured by cobalt ions which are often 
associated with other elements such as As, Ni, Bi and Fe. Due to pigment-medium interactions 
smalt often deteriorates as a result of potassium leaching, losing its colour and causing chemical and 
physical changes in the paint film [1].  
Microanalysis by laser ablation - ICP-MS (Cetac Analyte G2 [193 nm ArF* excimer laser 
with a HelEx 2-volume sample cell] interfaced with a Agilent 7900 [quadrupole ICP-MS]) was 
performed for a suite of 54 elements using line scanning (5 μm beam [square mask]; 20-50 laser 
traces). Quantitative element maps with pixel dimensions of 5 μm were generated for sample areas 
containing all the layers of the cross-sections [2], using the so-called sum normalization calibration 
protocol based on summation of the elements as their oxides to 100% wt [3]. Element 
concentrations in the 5-30 μm sized smalt particles were visualized in pseudo-colours (illustrated in 
Figure 1).  
Next to highlighting the microanalytical potential of laser ablation – ICP-MS for multi-
element mapping (on trace, minor and major element levels simultaneously), this work will show its 
application to the analysis of smalt in paint cross-sections, including detailed statistical analysis (via 
ImageJ, R, PyMCA, etc.) for elucidation of cobalt ore provenience, possible deterioration 
mechanisms and the conservation state of the painting.   
[1] Spring, M., Higgitt, C. and Saunders, D.. Investigation of pigment-medium interaction processes in oil paint 
containing degraded smalt. National Gallery Technical Bulletin 26: (2005) 56-70. 
[2] Šelih V.S. and van Elteren J.T.. Quantitative multi-element mapping of ancient glass using a simple and robust LA-
ICP-MS rastering procedure in combination with image analysis. Anal Bioanal Chem 401(2): (2011) 745-755.
[3] Van Elteren J.T., Tennent N.H. and Šelih V.S.. Multi-element quantification of ancient/historic glasses by laser 
ablation inductively coupled plasma mass spectrometry using sum normalization calibration. Anal Chim Acta 644(1-2): 
(2009) 1-9.
Figure 1: Optical image of the Chinese painting cross-section with the blue rectangle indicating the area of 
ablation (a) and the corresponding Co map, rotated 90º clockwise (b). 
        







1XPEHURIOLQHVFDQV
1XP
EHU
RIV
DPS
OLQJ
HYH
QWV










&R
(b) (a) 200 ђm 
TECHNART 2015 POSTER SESSION 2
P2-181
 Mixed ink characterization by XRF and Raman spectroscopy 
combined with Multispectral Imaging investigation. 
C. Cicero1, Marco Marinelli1, Massimo Marinelli1, F. Mercuri1, N. Orazi1, 
P. Barbini2, S. Orlanducci2, Alice Marziale, S. Paoloni1, M. Romani1, 
G. Verona-Rinati1, U. Zammit1 
(1) Department of Industrial Engineering, University of Rome “Tor Vergata”, Via del Politecnico 1, 00133, Rome, Italy 
(2) Department of Chemical Science and Technology, University of Rome “Tor Vergata”, Via della Ricerca Scientifica 
1, 00133 Rome, Italy 
In occasion of the restoration of the archival paper manuscript Libro dei Reggimenti (1565-1583)) 
coming from the Consiglio dei Reggimenti di Roccaraso (L’Aquila, Italy), a thorough investigation 
was carried out to characterize the chemical composition of the different inks present in the document.  
In order to plan the restoration steps, that could involve washing the papers, the identification and the 
evaluation of the deterioration of different kind of inks was mandatory. Fifteen different ink samples, 
datable between 1570-1720, were investigated by using different complementary techniques. X-ray 
fluorescence, microRaman spectroscopy and multispectral imaging were used for ink identification 
and for studying their degradation. 
The XRF analysis was performed by using the ELIO system by XGLab. In the XRF spectrum of all 
the analyzed inks the peaks of iron and, in most cases, of copper were detected. The signals are 
compatible with the presence of iron-gall based inks. 
The same ink samples were analyzed by Raman spectroscopy. The characteristic Raman spectra of 
carbon black were observed in five samples, in 14 cases the spectral features of iron oxides were 
detected, while only in few cases the signals of iron-gallates complex have been found. These results 
suggest the possibility of a mixed ink (based on carbon black and iron gall ink). Moreover, the 
difficulty to detect iron-gall bands and the presence of iron oxides, together with the deterioration 
grade of papers, suggest the possibility of a thermal degradation of the manuscript. 
As a final check, these presumable mixed inks were analyzed by Multispectral Imaging Technique 
by using a NIR-converted Nikon D7100 camera and a XENICS Xeva-1.7-640 Short Wave Infrared 
(SWIR) camera. The experimental results, particularly in the NIR range, demonstrated that the 
investigated inks are most likely composed of a mixture of iron-gall and carbon black inks.  
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